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OXYGEN. 

The most fascinating of all magnetic bodies is to my mind 
oxygen. Here we have one of the simplest of atoms; its atom 
contains only eight electrons, it is a gas, and therefore in the sim- 
plest of all physical states, and yet it alone of all gases is para- 
magnetic and quite strongly so. Another remarkable thing about 
it is that innumerable as are the compounds of oxygen there is 
only one, NO, into which oxygen carries its magnetic properties. 
This would seem to suggest that the magnetic quality does not 
arise from some quality intrinsic to the atom, but from some 
speciality in the arrangement of the colligating electrons in those 
molecules where it exhibits its magnetic character. The oxygen 
molecule itself is the most conspicuous example; the arrangement 
of the electrons may be represented symbolically as two cubes 
having a face in common, this face being at right angles to 
the line joining the atoms. If the system were rotating about 
this line there would be an odd number of square faces in 
rotation. A rotating square with its electrons would act like 


* A series of lectures given before The Franklin Institute, April 9-13, 1923. 
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a current and thus behave like a magneton. Now suppose 
that the rotation of electrons must be such that adjacent 
squares rotate in opposite directions, and it is evident that 
if we start one from rest in one direction, the adjacent one will 
start in the opposite direction. Suppose then that the electrons 
in the planes of the squares were rotating so that the rotation 
in one plane is opposite to that in the adjacent plane, then two of 
these planes will be rotating in one direction and the third in the 
opposite, the resulting magnetic effect will be the same as if only 
one plane rotated, and this. will produce a magnet of finite moment. 

It might be thought that if this arrangement of electrons were 
all that is required to produce paramagnetism, a considerable num- 
ber of gases would be paramagnetic, whereas so far as is known 
only two possess this property. The consideration of the arrange- 
ment of the electrons in gaseous compounds shows, however, that 
the configuration of O, is almost unique in this respect. Consider 
the arrangement of electrons in some compounds of oxygen, ¢.., 
in water where it is in combination with two monovalent atoms, 
the electrons are arranged in an octet which has two sets of four 
electrons in parallel planes, if adjacent sets rotate in opposite 
directions, the total magnetic effect will be zero. The same is 
true for a compound like CaO, or for one like CO,, where there 
are four such sets. We see that whenever the oxygen atom occurs, 
as it always does in valency compounds, with two additional 
electrons forming an octet, the effect of one face of the octet will 
always balance that of the other. In a neutral atom of oxygen 
the electrons would be arranged at the corners of an octahedron: 
if this were to rotate about one of its axes, the four electrons at 
right angles to the axis would form an unbalanced system and this 
would have magnetic properties. The magnetic properties of NO, 
if we take the arrangement of the electrons to be as that given 
in the first lecture, would arise from the rotation of the three 
electrons inside the octet, those on the octet itself would not 
contribute to the magnetic properties. In the compound C,H, 
we have a similar arrangement of electrons to those in O,, but 
in C,H, all the massive positive charges are not as they are in 
O, on a straight line. The result of this is that if the two 
octets rotate, say about the line joining the two carbon atoms, 
they would either have to carry the hydrogen atoms with them, 
in which case the moment of inertia would be enormously 
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increased, or else move the electrons relative to the hydrogen 
atoms; the forces between the positive charges and the electrons 
would resist this motion, and tend to stop the rotation. In the 
oxygen molecule the electrons can rotate while the positive parts 
are at rest. If the compounds NCI or NF existed, the arrange- 
ment of the electrons would be as in O., and on the views we 
have been expressing we should expect that these compounds 
would be magnetic. 


DIAMAGNETISM. 


The diamagnetic properties of chemical compounds will fur- 
nish, I think, many searching tests of any theory of the distribu- 
tion of electrons among the atoms of the compound. According 
to the theory of diamagnetism given by Langevin,”® the contribu- 
tion of an atom to k, the coefficient of diamagnetism, is equal 


1 é _ r _ eo. ° 
t= Sr”. Where m<r* represents the moment of inertia of 


the electrons in the atom about an axis through their centre of 
figure. The distribution of electrons is supposed to be quite 
symmetrical so that the moments about all axes are equal, ¢ is the 
charge and m the mass of an electron. 
If m is the number of atoms per unit volume, k, the coefficient 
of magnetization is given by the equation 
a." = r (32) 
If M is the molecular weight of the system, A the density of the 
substance, V the number of hydrogen atoms in a gram of hydrogen 


A 


rea 


N (33) 


hence 


kA ett . 
Lf aa Nz=r? (34) 


oo 4 m 
Thus kM/ A, which is called the atomic diamagnetic coefficient 
and is denoted by xa, is proportional to =r*, and when x is known 
=r* can be calculated. We pass on to consider, what, for our 
purpose, is the most important application of diamagnetism—the 
connection between the diamagnetic coefficient of a compound, 
and those of its constituents. 
Pascal®® has made a series of most valuable experiments on this 


* Annales de Chimie et de Physique [8], 5, 70 (1905). 
* Annales de Chimie et de Physique [8], 25, p. 289. 
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point, chiefly on organic compounds. He finds that the connection 
between Zm, the diamagnetic constant of a compound AsByC: and 
Za, Xo, Xe, the constants for its constituents, is expressed by 
the relation 

Xm = %Xq + Wy + 2X, + 4. (35 


Where A is a quantity, generally small compared with Zo, Zs, XZ, 
which depends on the “ bonding” of the atoms. Thus, for exam- 
ple, when oxygen is one of the constituents of the molecule, the 
value of A, when the oxygen is connected by two linkages with a 
carbon atom, is not the same as when the oxygen is connected by 
one link with a carbon and by another to a hydrogen atom; thus, 
for example, the contributions of the two oxygen atoms in formic 
acid HCO.OH are different. 

Pascal was dealing with valency compounds; in these, on the 
electron theory, the atom of any particular element will be asso- 
ciated with the same number of electrons whatever may be the 
compound in which it occurs; thus, for example, the electronega- 
tive elements O, S, F, Cl, will always be surrounded by an octet 
of electrons; the outer layers of the electropositive elements will 
have been transferred to the electronegative ones to make up their 
octets. An interesting point arises here in connection with the 
hydrogen atom and to a less extent with metal atoms. In a com- 
pound of hydrogen with an electronegative element, the electron 
associated with the hydrogen atom has gone to make up the octet 
round the negative ion, as, for example, in HCl. Thus the hydro- 
gen atom in such a compound is but a positive core, it has no 
electrons associated with it, and hence on the electron theory of 
diamagnetism would not contribute anything to the diamagnetic 
coefficient. Pascal, however, in deducing the coefficient for any 
compound, assigns to hydrogen a constant value. This is to some 
extent a matter of bookkeeping, the electrons transferred from 
the hydrogen to the chlorine will increase the contribution of the 
chlorine atom to the diamagnetic coefficient. If we like we may 
transfer this increase to the credit of the hydrogen atom and 
regard the hydrogen atom as making a contribution to the dia- 
magnetic coefficient, though it does this not by acting itself as 
the centre of one of the molecular currents, which account for 
diamagnetism, but by furnishing an electron which increases the 
molecular currents in some other atom. We should, however, 
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expect that the amount of the increase would depend upon the 
kind of atom to which the electron is transferred, that it would 
increase with the radius of this atom and thus be greater for 
bromine than for fluorine or chlorine. 

We shall now consider what relation would be indicated on the 
theory we are considering between the diamagnetism of a com- 
pound and of its constituents. On the view that, at any rate, in 
valency compounds there is a transference of electrons from one 
atom to another, the atoms in the compound are not in the same 
state as when they were free and uncombined. The atoms of the 
electronegative elements such as oxygen or chlorine have. gained 
electrons, while those of the electropositive elements have lost 
them. The coefficient of diamagnetism is proportional to the sum 
of the moments of inertia of the electrons about an axis through 
their centre of figure parallel to the magnetic force. If the trans- 
ference of the electrons involves a change in this moment the 
coefficient of diamagnetism will be altered by chemical combina- 
tion, t.e., the additive law will not hold. 

Suppose that in the free state the distances of the electrons 
from the centres of the atoms of the elements A and B are fra 
and ro, respectively, and that the electrons are symmetrically 
distributed. Then if there are @ electrons on A, 8 on B the 
coefficient of diamagnetism is proportional to 


2 2 2 
r+— ° 26) 
ar, 3 Br, 36 


win 


If, as the result of chemical combination 2 atoms are transferred 
from A to B, if R» is now the distance of the electrons on the 
B atoms from its centre the coefficient of diamagnetism is now 


“(a+ BR _ 
- (a + 8)R, 37 
This may be written in the form 
fe ae 2 : ch. 2 , , 
Race Se ak a (x, * n)+ 3 a(R * ‘) 3° 


the sum of the first and second terms is the value given by the 
additive law, the remaining terms represent corrections which 
must be applied to obtain the diamagnetic coefficient of the com- 
pound. If z,, represents this coefficient, we see 


2 9 9 
XAB™ Xa T tp + a%45 +28 (R, -r,) (39) 


-(R?-r?) and is a function which involves the 
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dimensions of each of the atoms at the ends of the bond binding 


them together. The term < 3(R3-r3) depends only upon the 
atom B, hence the equation may be written as 


tap =Ag trXp +7 gp 40 


where z, depends only upon the properties of the B atom. 

Applying the same reasoning to the most general case, we see 
that ~ the value for the compound 4:B,C: will be given by an 
equation of the form 7% = xz (A) + yz (B) + 2%(C) + Ddqz. 

A term has to be introduced into 2i,, for each electron trans- 
ferred, i.¢., for each valency bond in the compound. Thus we 
may regard the diamagnetic coefficient of a compound as consist- 
ing of a series of terms, one set depending on the atoms in 
such a way that each atom contributes a definite amount depending 
only upon the atom; the second set of terms depending on the 
valency bonds, each bond contributing a term, the value of which 
depends upon the dimensions of the atoms at the ends of the bond 
There may be a term in this set even when the atoms at the ends 
of the bond are the same; for example, when we have single or 
double bonds between two carbon atoms: For from the expression 
for A we see that they would not vanish unless the radius of the 
octet round the carbon atoms in the compound C — C was equal! to 
the distance of an electron in a free carbon atom from the centre 
As the radius of the octet, round the carbon atoms when there is 
a double bond C = C is not the same as when there is only a single 
bond, the value of A for a double bond is not necessarily twice that 
for a single one. 

Pascal found that a double bond produced a very appreciable 
diminution in the diamagnetism, the magnitude of the effect of 
the double bond was about equal in magnitude, though opposite 
in sign to that due to a single carbon atom. The effect of a triple 
bond was much smaller than that of a double one. 

Pascal’s researches on the diamagnetism of compounds show 
that what we have called the A terms are not in general large 
compared with the atomic ones, yet these terms undoubtedly exist 
He shows, for example, that the contribution of oxygen to the 
diamagnetic coefficient is not the same, when as in CH,OH the 
oxygen is linked by one bond to the carbon and by another to the 
hydrogen as it is in CH.O.OH, where one of the oxygen atoms is 
linked by two bonds to the carbon atom; he shows, too, that the 


Aug., 1923. ] THE ELECTRON IN CHEMISTRY. I 


wu 
— 


contributions of doubly and singly linked carbon atoms are differ- 
ent; he shows in fine that to calculate the diamagnetic coefficient 
of a compound we must take into account the constitution and 
configuration as well as the chemical composition. 

In addition to the effects produced by the bonding of the 
atoms, there are others, though probably not so important, arising 
from what may be called the compressibility of the cell of electrons 
surrounding the atoms. Thus, for example, it is probable that 
the distance of the electrons from the centre of the chlorine atoms 
in HCl is not quite the same as in CCl,, where the four chlorine 
atoms may compress each other by their mutual repulsions. A 
change in the dimensions of the atom would give rise to a change 
in the diamagnetic coefficient. 

The corrections due to the A terms amount in some cases to 
as much as 30 per cent., though it is exceptional for them to be as 
large as this. 

From the equation 
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we can, if we know the value of z,, deduce the distance of the 
electrons from the centre of the atom. For if the distribution 


of the electrons in the outer layer is symmetrical about the centre 


=r? = — nR? (42) 


where n is the number of electrons in the outer layer and R the 
distance of these from the centre of the atom; hence 


. 2 sa 
Va = <— 6 = N nR? (43) 
or since e/m = 1.87 x 10°; e=1.6 x 107°; N =6.16 x 1078 
Ya = — 3.06 X 10° X R? X n. 44) . 
Pascal *! gives the following values for —10° te. 7. 
LT a — SS = = o> ; +f : 
H 2.93 Al 13.2 As 43 Te 37-5 i 
Li 4.20 Si 20.0 Sc 2: I 44.6 a 
Bc 8.55 P 26.3 Br sa. “fa 41.0 Hy 
B 7.30 S 15 Rb 272 Ba 382 ; 
» 6.80 Cl 20.1 Sr 24.5 An 458 
N 5.57 K 18.5 Ag 31 He” 33.4 
Oo 4.61 Ca 15.0 Cd 20 Pt 40.3 
F 5.95 Cu 18 In > Pb 458 
Na 9.2 Lu 13.5 Sniv 30.3 Bi 192 
Mg 10.1 Ga 16.8 Sbili 74.0 


"Comptes Rendus, 158, p. 1895. 
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From these values of za we find from the preceding equation 
the following values for the diameters of fully charged electro- 
negative atoms. The values found by W. L. Bragg * are given 
for comparison. 


Element. Diameter = Diemagnatic Vales Found 
O 1.02 x 10° 1.30 x 10” 
F 1.05 x 10° 1.35 x 10” 
S 1.84 x 10° 2.05 x 10” 
Cl 2.0 x 10° 2.10 x 10* 
Se 2.23 x 10” 2.35 x 10° 
Br 2.40 x 10* 2.38 x 10° 
Te 28 x 10% 2.66 x 10% 
I 3.0 x 10“ 2.80 x 10" 


The agreement between the values of the diameters found 
from the diamagnetic coefficient and those found by Bragg is 
fairly close. It is interesting to note that there is nothing excep- 
tional in the value of the strongly paramagnetic element oxygen, 
from this we conclude that the oxygen atom when it has two 
additional electrons is not paramagnetic. 

When the diamagnetic substance is in a solid state a some- 
what different treatment is required. If it is a metal, the electrons 
will be arranged in lattices and along these lattices the electrons 
may be free to move. If these lattices form a simple cubical 
system, then it can be shown that the effect of the electrons on the 
lattices in a plane at right angles to the magnetic force is to 
produce per unit area of this plane a magnetic moment equal to 


— , He when H is the magnetic force, if d is the distance 
15 om 

between two parallel lattice planes the moment due to the electrons 

in unit volume is — _ hence the coefficient of diamagnetism 


is equal to 7s = 

Since the radius of an electron is of the order e*/m, we see 
that the volume coefficient of diamagnetism is of the order of the 
ratio of the radius of the electron to the distance between 


adjacent atoms. 


™ Phil. Mag., 40, p. 160. 
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Since the volume coefficient of diamagnetism varies as //d, and 
the atomic volume varies as d*, we see that for metals of the same 
valency the diamagnetic coefficient should vary inversely as the 
cube root of the atomic volume. 


“aR TREO IE 


ELECTRON THEORY OF SOLIDS. 


We shall now proceed to examine how atoms can be bound 
together not merely in twos or threes to form molecules, but in 
large numbers so as to form solids. We shall consider how such a 
collection of atoms is held together and calculate some of its physi- 
cal properties. We begin with the case when the atoms are 
all of one kind and when the solid is a crystal, so that it may 
be regarded as made up of units which are repetitions of each 
other. These units will be built up of atoms and electrons and 
the proportion between the number of atoms and the number of 
electrons will depend upon the valency of the element. Thus for 
the alkali metals there will be as many atoms as electrons, for the 
alkaline earths there will be two electrons for each atom, for 
trivalent metals like aluminum there will be three electrons for 
each atom and so on. Since the units completely fill space, they 
must be of the shape of one of the solids into which space may 
be divided, t.¢., the units must be parallelipeda, hexagonal prisms, 
rhombic dodecahedra or cubo-octahedra. 

Let us take the case where the units are cubical. When a 
number of cubes are built up into a solid each corner of a cube 
will be the meeting place of eight cubes. Thus, if for purposes of 
calculation, we take the cube as our. unit, and proceed to find 
the effect of one cube and take the sum of these effects for all 
the cubes into which the solid is divided, the effect due to an atom 
or electron at a corner will be counted eight times over. We may 
compensate for this by assigning to an atom or electron at the 
corner one-eighth of its normal charge. An atom or electron 
at the centre of the face of a cube would be common to two cubes 
and so must be assigned half its normal charge, while an atom 
or electron at the middle point of a side of a cube will form a part 
of four cubes and so must be given one-quarter the normal charge. 

Thus suppose the atom is at the centre of a cubical layer of 
electrons, then if the electrons are at the corners of the cube, 

VoL, 196, No. 1172—12 
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both electrons and atoms will be arranged in simple cubical lattices, 
there will be as many electrons as atoms, the unit cell will be a cube 
with one-eighth of an electron at each corner and an atom at its 
centre. Suppose the electrons are at the middle points of the 
faces of the cube as well as at the corners, there will be four 
electrons for each atom so that the arrangement will be a possibl« 
one for a quadrivalent element. The symmetry of the arrange 
ment shows that it corresponds to a crystal in the regular system 
The cell in this case will be a cube with one-eighth of an electro: 
at each corner and half an electron at the centre of each face. 

Another quite symmetrical arrangement is when there is a: 
electron at the corner of each cube and one at the middle point o: 
each of its twelve sides; as each side is shared by four cubes the 
twelve electrons at the middle of the sides will only furnish three 
electrons to the cell, the one-eighth of an electron at each of the 
corners will contribute another, so that this arrangement would 
again be representative of an element in which there are four 
electrons per atom. The cell in this case will be a cube with one 
eighth of an electron at each corner, one-quarter of an electron at 
the middle point of each side and an atom with a charge four at 
the centre. 

The arrangement of the atoms in each of the preceding cases 
is that of a simple cubical lattice, the experiments of Sir William 
and Prof. W. L. Bragg on crystal structures have shown that on 
of the most frequent arrangements of the atoms is that of fac« 
centred cubes. Here the atoms are at the corners and the centres 
of the faces of the cubes. If such a cube is taken as the unit cel! 
one-eighth of an atom must be placed at each corner and half a: 
atom at the centre of each face: This makes each cell contain fou: 
atoms. If the atom is one of a monovalent element like lithium 
the cell must contain four electrons. These electrons can b: 
arranged with cubical symmetry in two ways— 

1. By putting one-quarter of an electron at the middle point 
of each edge and one at the centre of the cube. This gives a: 
arrangement where each atom has six electrons and each electro: 
six atoms for its nearest neighbours. The atoms and electron: 
are arranged alternately at equal intervals aiong the lines of 
simple cubical lattice. 
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This arrangement corresponds to that formed by Sir William 
and Prof. W. L. Bragg for the chlorides of the alkali metals. 

2. Put one electron at the centre of four out of the eight 
cubes into which the unit cube is divided by planes bisecting the 
sides at right angles. The four cubes are to be chosen as follows: 
Take any one and put an electron at its centre, then electrons are 
to be put at the centres of the three cubes which have an edge but 
not a face in common with the cube originally chosen. When the 
cells are put together the same rule must be observed, any two 
small cubes which have a face in common must have an electron 
at the centre of one but not at the centre of the other. The four 
electrons in each cell are at the corners of a regular tetrahedron. 
The distribution of the atoms and electrons is equivalent to one 
where each atom is at the centre of a regular tetrahedron of elec- 
trons and each electron at the centre of a regular tetrahedron 
of atoms. 
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DIVALENT ELEMENTS. 


If the atoms in the face-centred cell belong to a divalent ele- 
ment, since there are four atoms in the cell there must be 
eight electrons. 

Two ways in which this may be done are as follows: 

1. Fill up the four small cubes which were left empty on 
scheme 2 for the monovalent elements. Each atom will now 
have eight electrons as its nearest neighbours, the electrons being 
at the corners of a cube with the atom at its centre. The cubes 
surrounding two adjacent atoms have an edge in common and not 
a face as in the simple cubical arrangement for monovalent atoms. 

2. Take the scheme 2 for four of the electrons and in addition 
place a quarter of an electron at the middle point of each of the 
twelve sides of the large cube and another electron at its centre. 
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3 TRIVALENT ATOMS. 


e When the atoms in the face-centred cube are trivalent there 
must be twelve electrons in the unit. We can find accommodation : 
for these if we put one at the centre of each of eight small cubes ee 
into which the unit cube is divided, a quarter of one at the middle ay! 
points of each of the twelve edges of the unit cube and another at 
j the centre of this cube. This arrangement is equivalent to putting 
4 the atoms at the centres and the electrons at the corners of a series 
of rhombic dodecahedra filling space. 
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TETRAVALENT ELEMENT. 


The arrangement of the atoms in the diamond has been 
worked out by the Braggs. It is that shown in Fig. 40. The unit 
contains eight atoms distributed as follows: One-eighth at each 


of the corners of the unit, this accounts for one; one-half at the 


centre of each of the faces, this accounts for three; and four 
more at the centres of four of the eight cubes into which the unit 
cube is divided by planes bisecting the sides at right angles. The 
cubes to be occupied by the atoms are chosen by the same rule as 
that given for the arrangement of the electrons for the centre 
faced arrangement for the monovalent element. As the unit 
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contains eight carbon atoms and carbon is quadrivalent, there 
must be thirty-two electrons in the unit; these may be arranged 
as follows: 

(a) At the middle points of the sides of the cubical unit; 
this accounts for three. 

(b) At the centre of each of the faces of the eight small 
cubes; this accounts for twenty-four. 

(c) At the centres of the four small cubes not occupied by the 
carbon atoms; this accounts for four. 

(d) One at the centre of the large cube. 

Rontgen-ray analysis has shown that for some elements the 
atoms are arranged at the corners and the centre of a cube. Tak- 
ing this cube as the unit it contains two atoms; if the element is 
monovalent, it must contain two electrons. We cannot place these 
electrons so as to get complete cubical symmetry for one such unit ; 
if, however, we group eight such units together, we get a larger 
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cubical unit containing sixteen atoms, and it is possible to arrange 
sixteen electrons in this larger unit so as to get cubical symmetry. 
Thus we might put pairs of electrons along the diagonals of the 
eight cubes which go to make up the larger unit. 

If the atom were a divalent one we should have to accommo- 
date four electrons in the original unit. This may be done by put- 
ting them at the centres of four out of the eight cubes into 
which the unit may be divided. 


HEXAGONAL SYSTEM. 


We have hitherto confined ourselves to the consideration of 
crystals in which the unit was a cube and the arrangement both 
of atoms and electrons completely symmetrical, so that the crystals 
would belong to the regular system. If our unit were a hexagonal 
prism, if, for instance, the electrons were at the corners and the 
atoms at the centres of hexagonal prisms, then since each corner 
is common to six prisms, we must, when calculating the electrical 
forces due to the unit, give to each electron at the corner one- 
sixth of its normal charge, the twelve electrons at the corners 
are thus equivalent to two electrons, so that the unit contains 
two electrons for each atom and would thus correspond to a 
divalent element. 

The arrangement of electrons and atoms in the systems we 
have described have such regularity that the calculation of the 
properties of such an aggregate is easier than that of the properties 
of an aggregate of a small number of atoms in an individual mole- 
cule. For the electrons in one part of a molecule, for example, 
those at the ends of the two octets which form the oxygen mole- 
cule, are exposed to forces which are different from those acting 
on the electrons between the two oxygen atoms. The greater 
regularity in the arrangement of the electrons in the crystal more 
than compensates, as far as the mathematical difficulties are con- 
cerned, for the necessity of taking into account the effect of 
a much larger number of electrons and atoms than is necessary 
for the molecule. 

I have in a paper published in the Philosophical Magazine 
(53, p. 721) calculated some of the properties of crystals when 
the atoms and electrons are arranged according to some of the 
schemes we have just been discussing. I shall describe the 
results of these investigations, beginning with the simplest case, 
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where the atoms and electrons are both arranged in simple cubical 
lattices, where each atom may be regarded as the centre of a cube 
formed by eight electrons. 

In the paper referred to, the stability of the system is 
investigated, and it is shown that if 2d is the distance between 
two atoms the arrangement will be stable, provided d is less than 
c/1.69 where c is the distance at which the force exerted by th« 
positive nucleus on an electron changes from attraction to repu! 
sion. As the distance between an atom and the nearest electro: 


is V 3d, i.e., 1.72d, we see that for the equilibrium to be stable, th: 
shortest distance between an atom and an electron in the solic 
cannot exceed by more than a very small amount the distance 0! 
the electron from the centre of the atom when the element is 11 
the gaseous state. 

The system of electrons and atoms in the metal will have a 
very large number of periods of vibration, depending on the way 
the electrons are displaced relatively to each other and to th 
atoms; the highest frequency of these vibrations is when the elec 
trons are not displaced relatively to each other, but only with 
respect to the atoms; this corresponds to the displacement which 
would be produced by light whose wave-length is long compare: 
with the distance between two atoms. I find that this maximum 
frequency, p, is given by the equation 

mp? = .384 ce*/d* 15 
where m is the mass and ¢ the charge on an electron. 

If M is the mass of an atom and A the density of the solid, 
then since &d* is the volume of a cell, 1/8d* is the number of cells 
in a cubic centimetre, hence 


M 
aa ~ 4 i 
so that equation (45) may be written as 
8 
mp? = 384 =O © 47 


This type of vibration is the one that would be excited by 
waves such as those of visible or ultra-violet light whose wave 
length is large compared with the distance between the atoms 
in the solid. We might therefore expect evidence of it in th 
behaviour of monovalent metals when acted upon by light, the 
effect produced upon such metals would be greatest when the 
frequency of the incident light was that given by equation (45) 
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An interesting case when the action of light on a metal is a 
maximum for light of a particular wave-length is what is known 
as the selective photoelectric effect.** This has been measured by 
Pohl and Pringsheim,** and in the following table, I give the com- 
parison of the wave-length A for which the selective photoelectric 
effect is a maximum for the monovalent metals sodium, potassium 
and rubidium as determined by Pohl and Pringsheim with the 
wave-lengths calculated by equation (45) where c/d has been 
given the value 1.7, i.e., on the supposition that the shortest 
distance between the atom and the electron in the metal is the 
same as that in the gas. 


Metal. A M/1.64X107* dAcalculated. A observed. 
UE. bv sicece 971 23 3234 3400 
Potassium ...... 862 39 4457 4400 
Rubidium ....... 1.532 85.45 4940 4800 


It will be noticed that the agreement between the observed and 
calculated values is satisfactory. 

It is interesting to compare the frequency of this type of 
vibration of the electrons in the solid, with P, that of the vibration 
of the electron in a gaseous atom, the latter can easily be proved to 
be given by the equation 

mP* = ¢*/c* (48) 
so we see from (1) if 1.7d =c and pf is the frequency in the metal 
p=18P (49) 


thus the frequency in the metal is a little less than twice that in 
the gas, the values for the wave-length of the vibrations in the 
gaseous atom deduced from the table just given are for sodium 
5800, and for potassium 7900. 

The slowest vibrations of the electrons are when the displace- 
ment of adjacent electrons are in opposite directions. Thus sup- 
pose one of the lines of the electron lattice is vertical, then the 
slowest vibration of the electrons is when the electrons in any one 
line have all equal vertical displacements and the displacements of 
the electrons in the six vertical lines which are its nearest neigh- 
bours are equal in magnitude, but opposite in direction; to that in 
the line under consideration. 


= Hughes, = Photoelectricity,” Chap. 5. 
“Verh. d. Deutsch. Phys. Gesell., 13, p. 474 (1911). 
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COMPRESSIBILITY OF THE METALS. 

We can calculate the potential energy due to the forces 
between the atoms and the electrons. I have given the calculations 
in a paper in the Philosophical Magazine (43, p. 721) and have 
shown that if the metal is supposed to be made up of cubical cells 
with an atom at the centre and one-eighth of an electron at each ; 
of its eight corners, each cell corresponding to an atom with its e 
electron, the potential energy per cell is 


| 
2 

— 1.825 oa <0 4 

. - *f. Sa ; 

when 2d is a side of the cube. Thus, if there are N cells per 


unit. volume, the potential energy per unit volume is 


” ae aa 
— 1.825 a N =| 
Now N = 1/8d*, and if as before M is the mass of an atom and . 

the density of the metal 


NM=A 52 

hence the potential energy per unit volume is equal to 
oa A $ ” 
1.825 e ( M ) 53 


It is shown also that the work required to compress the cells 
so that the distance between two atoms is reduced from 2d to 
2(d— Ad) is equal to 


1.82 Ne? (44 7 . 
ea d o4 
If dV is the diminution in a volume V’ due to this diminution in d 
av he -. 
Sele 55 


hence the work required to compress the cells in unit volume is 
equal to 


- — (4 Fy 


But if & is the bulk modulus, then this work is equal to 


hence 
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The “ compressibility ” of the substance is equal to 1/k. 
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We owe to Professor Richards invaluable determinations of 
the compressibility of the various elements. The following table 
contains the results of the comparison of his values of the com- 
pressibility with those calculated from equation (58). 


Metal. A M/1.64 X 10-*, k calculated. k observed. 
pe ree 534 7 14 X 10” 114 X 10” 
SO ere 971 23 .068 x 10” .065 x 10” 
Potassium ..... .862 37 .03 xX 10” .032 x 10” 
Rubidium ..... 1.532 85.5 022 x 10” 025 x 10” 
Co aineixiis's 1.87 132 .016 x 10” .016 x 10” 


Thus the results given by equation (58) are in close agreement 
with experiment. 
If the atoms are in the gaseous state, the work required to 


9 


, . P . e (Ar 
change the radius of an atom from r to r—Ar is equal to 4— ( : ) 
c 


Thus to produce the same percentage changes (45) in the sum 
of the volume of the atoms when in the gaseous state and (47) in 
the volume of the same number of atoms in the solid state requires 
the expenditure of amounts of work which are in the proportion 


" 1.825 
of — te >" 
r d 


of the atoms in the solid state is about one-third of that in 
the gaseous. 


, or if 1.7d=c, of 1 to 3.@. Thus the compressibility 


r . - . ° . == 1.825 2 
rhe potential energy of a cell in the solid is equal to aa 
. 26 
. o i *- ,- ° . 
or, since aye A/M, to —-e* 1.825 (4) if WW’ is the atomic weight 
of the element 
M = 1.64 X 10-* K M’ 59) 


hence the potential energy of the metal per cell is equal to 


A 1 
—ée1.5X 10" (4. )' 60) 


This is equal to the energy acquired by the charge on an electron 
falling through a potential difference of 


(61) 


The values for the various alkaline metals are 
Li =9.25 volts 
Na =7.3 
K =6.36 
Rb = 5.52 


Cs = 5.100 
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The work which must be done to pull the cell from the meta! 
and convert it into an atom of a monatomic gas is the differenc: 
between the potential energy in the cell and the potential energy 0: 
the gaseous atom; the latter when expressed in volts is for « 
monovalent element equal to the ionising potential. 

The potential energy per cell is equal to —43(w, + w.) wher 
w, is the work required to remove a single electron from the meta! 
and w, that required to remove a single atom. We have calculate:! 
W, + W, but not w, and w, individually. If the repulsion betwee: 
the positive parts of two atoms was proportional to the inverse 
square of the distance, then w, would be equal to w., but if th: 


repulsion is equal to = I *), then w, will be greater than w, 


and w, will be less than $(w,+w.). Let w, -£ (w, + We) 


where 8 is a fraction, then the work required to remove an 
electron from the alkali metals will be 8 times the values give: 
in the preceding tables. The contact difference of potentia 
between two metals is equal to the difference in the amounts o| 
work required to remove aft electron from the two metals, thus tl: 
contact difference of potential between sodium and potassium 
would be 8 (7.3 — 6.36)= .92 8 volts. The value found by experi 
ment is .4 volt, hence 8 = .44, so that w, =.44 (potential energy 
per cell). 
This gives the following values for the work required to tea: 

an electron from the alkali metals. 

Le = 4.07 volts 

Na = 3.2 

K =2.79 

Rb = 2.42 

Cs =2.24 


The work required to tear an electron from sodium was estimate: 
by Richardson from thermionic data as 2.6 volts, and from the 
photoelectric effect as 2.1 volts. The values given in the table 
represent the work required to remove an electron from the bod) 
of the metal; the atoms in the surface layers of the metal differ 
in energy from those in the interior, and an electron can escape 
from them with less expenditure of energy. As the values given 
in the table are less than half the amount of work required to 
remove both an electron and the positive part of an atom from the 
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3 metal, the work required to remove an atom is greater than that 
i required to remove an electron, so that when the metal is heated, 
the number of positive ions which come off will be small compared 


| with the number of electrons. 

% The values given on page 161 for the compressibility are for 
is a distribution of atoms and electrons such that the atoms are 
i at the centres of cubes and the electrons at the corners. 

a When the atoms and electrons are arranged so that atoms and 
a electrons occur alternately at equal intervals along the lines of 


a cubical lattice, we can show that the electrostatic potential energy 
for a volume of the metal containing N electrons and N atoms is 


Ne? 
“dé ad 


62) 


where d is the shortest distance between an atom and an electron. 
If these N atoms and electrons make up unit volume, then if A is 
the density of the metal and M the mass of an atom, since a cube 
with side 2d contains four atoms 


4M 
8d 


=A: NM=A 


63 
a (3) 
d tae M 
hence the electrostatic energy per unit volume is 
1/A\i 
wnt (G) 
(64) 


= — 2.2¢ ( a) 


It follows from this that the bulk modulus is 


2.267 ( 7) ; " 
9 M (95 


iit zs 26x e AN 
this is not very much more than half the value ~ = ( 7h corre- 


sponding to the other distribution which we saw agreed very 
well with the experiment results; hence we conclude that the a 
atoms and electrons cannot in the alkali metal be arranged so 
as to occur alternately at equal intervals along the lines of a 
cubical lattice. 

For the arrangement where the atoms are arranged in face- 
centred cubes with electrons at the centres of four out of the 
eight smaller cubes into which the face-centred cube is divided, I 
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find that the electrostatic potential energy for a volume containing 
N atoms and N electrons is 


(ir)' 
— 3.50 M 66 


so that k, the bulk modulus, is equal to 


302 (2)! , 
9 M °% 


this differs by less than 5 per cent. from the value given }) 
equation (58), and would agree within the errors of experiments 
with the values found by Richards. 

When the arrangement of the atoms of a monovalent element 
is that of the body-centred cube and the electrons are placed tw: 
by two along the diagonals of eight such cubes taken as a sing! 
unit, Miss Woodward finds 


_32,.(A\t 
b= S20(4) 6s 


This would give values for k appreciably smaller than those found 
by experiment. The arrangement of the electrons was assumed 
to be as follows: Two electrons were placed inside each cube on 
a diagonal, one on one side of the centre, the other on the other, 
midway between the centre of the cube and the ends of the 
diagonal. The diagonals along which the electrons are placed 
are chosen so that in a cube built up of eight such small cubes 
no two of the diagonals in any four whose centres are in on 
plane are parallel or intersect. The diagonals in two cubes which 
have a corner but neither an edge nor a face in common are to be 
parallel. This arrangement is equivalent to arranging the atoms 
and electrons alternately at equal intervals along lines whose 
directions are parallel to the four diagonals of the cube. 


THE ENERGY AND COMPRESSIBILITY OF DIVALENT ELEMENTS. 

We shall further test the electron theory of solids by calculat- 
ing the compressibility of a divalent element. Calcium crystallises 
in the regular system and the arrangement of the atoms has been 
shown by X-ray analysis to be that of the face-centred cube. 
Taking such a cube as the unit, it contains four calcium atoms; 
since calcium is divalent, if there are four atoms there must be 
eight electrons. The most symmetrical way of arranging these 
is to place one at the centre of each of the eight small cubes into 
which the unit cube is divided by planes bisecting its sides at 
right angles. 
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Taking this arrangement, I find that the electrostatic potential 
energy of a calcium atom is, if 2d is a side of the unit cube, 
-5 5-33 (69) 


d 
while that of an electron is equal to 


e 
— — 1.8 70) 
d ’ 


Hence the electrostatic potential energy of one atom and two elec- 


trons is 


= 7 8.93 (71) 
The total actual potential energy, i.e., the potential energy when 
we take into account the effect of the forces varying inversely as 
the cube of the distance is one-half of this, i.c., 


e 
_ d 4.46 72) 
Since the cube whose volume is &8d* contains four atoms 
M 
. 73) 
8d és 


where M is the mass of an atom and A the density of the metal; 
hence the energy per unit volume is equal to 


4 
— eC 5.61 x (++) 3 74) 


The bulk modulus k is equal to 


.m2(A% 7m 
‘ 9 M 75 


for calcium A= 1.55 and M = 40 x 1.64 x 10°*, hence k for cal- 
cium =.192 x 107°, The compressibility which is the reciprocal 
of k is 5.2 x 10°"; the value found by Richards is 5.5 x 10°*?, so 
that the agreement between the observed and calculated values is 
quite satisfactory. 

The potential energy for an atom and two electrons is that 
corresponding to the fall of an electron through twenty-two volts. 


THE COMPRESSIBILITY OF A TRIVALENT ELEMENT. 

Aluminum is a trivalent element crystallising in the regular 
system. The arrangement of the atom has been shown to be that 
of a face-centred cube. Taking this cube as the unit it contains 
four atoms; it must, therefore, since aluminum is trivalent, con- 
tain twelve electrons. If we place electrons at the middle points 
of the sides, at the centres of each of the eight cubes into which the 
unit cube is divided by bisecting planes and one at the centre of the 
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cube, we get a symmetrical distribution of these twelve electron: 
This distribution is the same as if each atom were placed at tly 
centre of a rhombic dodecahedron and the electrons at the corners 
of the dodecahedron. Since four planes meet at some of the 
corners while only three meet at others, we see that the electrons 
will be divided into two groups. 

For this arrangement I find that the electrostatic potentia! 
energy of the atom, with its triple charge of electricity, is equal to 


10.6 
d 


where 2d is the side of the face-centred cube and ¢ the charge o: 
an electron. 

For an electron at a corner of the dodecahedron where four 
planes meet, the potential energy is 


—¢2 


05, 
sf d 


and for an electron at a corner where three planes meet 


1.7 
rai 5 
Each atom is associated with one electron of the first type and 
two of the second, hence the electrostatic potential energy of this 
14.25 7.12 | 
d d 


1 _(24\t . 
ad -( M ) 9 
hence k the bulk modulus is given by the equation 
= 178 »(4)\ 
eager e( M ) 


for aluminum A = 2.65, M =27 x 1.64 x 10°*; hence k= 1.08 » 
10'*, the value found by experiment is .78 x 10". 


system is — e and the total potential energy — ¢ 


Now 


COMPRESSIBILITY OF THE DIAMOND. 

In the diamond we have a quadrivalent element crystallising 
in the regular system. The arrangement of the carbon atoms in th 
diamond has been shown by Sir W. H. Bragg and Prof. W. L 
Bragg to be given by the following scheme. The atoms occupy 

(a) the corners of a cube; 

(b) the centres of its faces; 

(c) four of the centres of the eight cubes into which the large 
cube is divided by planes bisecting its sides at 
right angles. 

We shall take this cube as our unit; it contains eight carbon 
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atoms. Since carbon is quadrivalent, it must contain thirty-two 
electrons; these electrons will be situated 

(a) at the middle points of the edges of the cubical unit; 

this accounts for three; 

(b) at the centres of each of the faces of the eight small cubes; 
this accounts for twenty-four ; 

(c) at the centres of the four small cubes not occupied by 

the carbon atoms; this accounts for four; 

(d) one at the centre of the large cube. 

Making use of this unit, we can calculate the electrostatic 
potential energy due to the charges on the atoms and electrons. 
Let E be the charge on a carbon atom, ¢ that on an electron. 

The electrostatic potential energy of a carbon atom 


q I Le LE 
hak. & ge 81) 
I find to be equal to 
rz, 
’ > (149-346e — 35-132), 82) 
; where 2d is the side of a unit cube. Since E = 4e, this reduces to 
2 
' 17.65 + ' 83) 
i The electrostatic potential energy of an electron I find to be 
: 1 esE ‘ 
: “ore 149.346 — 147.59¢ . 
ey - 
3 ° . . 
i Hence the electrostatic potential energy for the atom and its 
: ‘ , . 2 
; four associated electrons is 21.15 7 . 
i Since there are eight atoms in the cube whose edge is 2d, if A 
is the density of the diamond and M the mass of a carbon atom, 
8M 
‘ 4 85) 


or 


1 /A\i 
: a= (iz)*: a 


Thus the electrostatic potential energy per one atom and four 
electrons is 


F, A , 
3 ar.rset(F)! 87) 


and the energy per unit volume is 


fA! 
arase(G)? 
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the equation 
_ 21-15 A\i. 
pa EB o( DY: 89 


for the diamond A = 3.52, M = 12 x 1.64 x 104; hence k = 5.6 
10’, 1/k=.178 x 10°”. 

This value for 1/k is much less than that, .5 x 10°!*, found b) 
Richards. It is, however, in close agreement with .16 x 10°", the 
value recently found by Adams.*® 


The properties of solids formed by elements whose atoms hay: 
more than four disposable electrons are quite different from those 
of solids formed by the elements with one, two, or three disposabi: 
electrons. The latter are, with the exception of boron, metallic 
and good conductors of electricity and heat. The former, fo: 
instance sulphur and phosphorus, are insulators. Not only do 
they insulate in the solid state, but they do so after they are fused. 
They differ in this respect from solid salts which, though they 
may insulate when in the solid state, generally conduct when 
melted. This suggests that in the salts there are positively and 
negatively electrified systems which are fixed when the substance 
is in the solid state, but can move about when it is liquefied. In 
such elements as sulphur or phosphorus there does not seem to be 
any evidence of the existence of anything but neutral systems; in 
other words, the solid may be regarded as built up of units, each 
of which contains as much positive as negative electricity. It is 
noteworthy that according to the Electron Theory of Chemica! 
Combination, two similar atoms, if they have each more than four 
disposable electrons, like the atoms of sulphur and phosphorus, 
can combine and form a saturated molecule, which is electric- 
ally neutral. 


Thus we are led to distinguish three types of solids: 


(a) A type where the atoms are arranged in lattices, and the 
electrons in other lattices coOrdinated with the atomic ones. [1 
this type each electron has no closer connection with a particular 
atom than it has with several others. Thus, for example, when 
the electrons form a simple cubical lattice with the atoms at the 
centres of the cubes, each electron has eight atoms as equally near 
neighbours; so that an electron is not bound to a particular atom. 


* Washington Acad. Sc., 11, p. 45 (1921). 


Hence k, the bulk modulus of the diamond, is given by 
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This type includes the metals ; it also includes boron and carbon in 
the form of diamond, which are insulators. 

(b) A type represented by the salts; here the atoms are again 
arranged in lattices, but each electron has much closer relation 
with one particular atom than it has with any other. Thus to take 
the case of NaCl, where the Braggs have shown the atoms to be 
arranged according to the following scheme : 

Na Cl Na Cl 
Cl Na Cl Na 
Na Cl Na Cl 

We suppose that each sodium atom has lost an electron, while 
each chlorine atom has gained one; thus each chlorine atom has 
eight electrons around it, and each electron is much more closely 
bound to one particular chlorine atom than to any other. It is so 
closely associated that it is not dissociated from its partner in 
either the solid or liquid state of the substance. Thus the chlorine 
system always has a negative charge, the sodium one a positive. 
These atoms do not move when the substance is in a solid state, 
though they may do so when it is liquefied. 

If the distance of the electrons from the chlorine atoms were 
to increase until it was not far from half the distance between the 
sodium and chlorine nuclei, this type would approximate to 
type (a). 

(c) A type where the lattices are built up of units which are 
not electrified; such units are probably molecules containing two 
or more atoms, though in certain cases they may be single atoms. 
The characteristic of the type is that each unit has sufficient elec- 
trons bound to it to make it electrically neutral, and that each 
electron remains attached to a particular atom. Thus where an 
electric force acts on the system there is no tendency to make the 
unit move in one direction rather than the opposite, so that the 
substance cannot conduct electricity. 

There is something anomalous about the compressibility of 
silicon; the arrangement of its atoms as determined by X-ray 
analysis is the same as that of the diamond, while its atomic 
volume is 2.7 times greater. We might therefore expect that its 
compressibility would be (2.7), or 3.8 times that of the diamond. 
Its compressibility, however, as determined by Richards, is only 
.16 x 107”, which is practically the same as the revised value for 

Vor. 196, No. 1172—13 
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the diamond. In silicon, however, there are two layers of electrons 
so that when the four electrons in the outer layer have been 
distributed to form the lattice, a layer of eight will remain sur 
rounding the positive part of the atom. The compression of the 
silicon may involve not merely the closer approach of the positiy: 
parts of the silicon atoms, but also a closer approach to the centra! 


TABLE VIII. 
Potential Energy per Atom with Its Associated Electrons. 


Arrangement of Atoms. K. (Bulk Modulu: 


Monovalent Elements. 


CUBICAL 


FACE-CENTRED CUBE: 


Electrons at middle points of edges and centre of cube 
Electrons at centres of four constituent cubes 


Bopy-CENTRED CUBE 
Divalent Elements. 
FACE-CENTRED CUBE: 


Electrons at centres of eight constituent cubes................. 


Electrons at centres of edges and four constituent cubes......... 
Trivalent Elements. 


FACE-CENTRED CUBE: 


Electrons at middle points of edges and centre of cube and at cen- 
tres of four constituent cubes 


Quadrivalent Elements. 


FACE-CENTRED CUBE and at: 
Centres of four constituent cubes. Electrons, centres of edges, 
centres of faces of constituent cubes and at centres of four of 


these cubes 


atom of the layer of eight electrons which surround it. The work 
required to do this would tend to make the compressibility less 
than for a substance like carbon, which, after its outer layer has 
been distributed, has no inner layer left to compress. 

The case may be compared with that of a chloride of an alkali 
metal, say LiCl. In the lattice. formed by the atoms each chlorin 
atom is surrounded by a layer of eight electrons. The compress! 
bility of the salt has been determined by Richards and it is much 
less than the value calculated on the supposition that the chlorin 
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ion with its octet of electrons round a positive charge of seven 
units can be treated as a negative charge of one unit at the centre 
of the chlorine atom. The compression of the octet round the 
chlorine atom has also to be taken into account. Miss Woodward 
has done this recently and finds that the calculated values are in 
fair agreement with those determined by experiment. 

A similar argument applies to the elements copper, silver 
and gold, which are far less compressible after allowing for the 
difference in the atomic volume than they would be if they fol- 
lowed the same law as the other monovalent elements, the alkali 
metals. The heavier alkali metals have also inner layers, but 
the atomic volume of these is so great that the compression of 
these layers does not come nearly so much into play as in gold 
and silver, which have much smaller atomic volumes. 

We may sum up the results of the preceding investigation 
of the compressibility of solids as follows: 

The compressibility is equal to c(#) , where C is a quantity 
depending on the valency of the element and the form in which it 
crystallises; A is the density of the solid and M the mass of an 
atom of the element. 

The potential energy of an atom with its associated electrons 
is equal to 

C\M 
Table VIII contains a summary of the preceding results. 


~ £5 (4 y' (90) 


SURFACE TENSION. 

The preceding expression represents the energy of an atom in 
the mass of the metal, for one on the surface it requires modifi- 
cation. Thus if P is an atom or electron part of its potential 
energy depends on the atoms and electrons above a horizontal plane 
through P. If the metal is broken so that this plane becomes 
a surface of the metal, the atoms and electrons above P will no 
longer affect the potential energy so that this will be changed. 
We can find an approximation to the amount of this change in the 
following way: Let us take a crystal of a monovalent element and 
suppose that the atoms and electrons are arranged in the plane of 
the surface according to the scheme when the atoms are at the 
corners and centres of the faces of a cube and the electrons at the 
middle points of the sides and the centre of the cube. This ts the 
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more convenient arrangement to take, since the atoms are present 
in equal numbers in the plane, so that the total electric charge upon 
it is zero. With this arrangement I find that the contribution 
of the atoms and electrons above P to the potential energy of the 


ie ‘ " e - 
system consisting of /? and an electron is —.075 7” where d is the 


distance between an atom and the nearest electron. We saw that 
in this case for an atom and electron in the interior the energy is 


1.775. Thus the potential energy S of the atom and electro: 


in the surfaces exceeds /, the potential energy in the interior, by 


aad = .042]. The surface tension arises from the excess of th 
potential energy of the atoms in the surface over those in the 
interior and is equal to the excess for one atom multiplied by the 
number of atoms in unit area of the surface. Let us apply this 
to find the surface tension of sodium. The energy of an atom oi 
sodium not on the surface is equal to that gained by an electron 
falling through 7.2 volts, i.e., 7.2 x 1.6x 10° ergs. The dis 
tance between two sodium atoms is equal to 3.37 x 10°, hence 
the number of sodium atoms per square centimetre is 10" /11.35 
Thus the surface tension of sodium is 
042 X 7.2 X 1.6 x 10°/11.35 


= 432 ergs/cm.’ \9! 


The value given in the tables for molten sodium is 500, so 
that the calculated and the observed value are of the same order 
of magnitude. The calculation is only a rough approxirnation 
as we have neglected the effect of temperature and supposed that 
the distance between the sodium atoms is the same on the surface 
as in the interior. The increase in the potential energy at a surface 
will depend upon the orientation of the surface. Thus if the 
face of the sodium is a plane parallel to the diagonal plane 
of the cube instead of the plane parallel to one of its faces, 
I find that the potential energy of an atom and electron at 
the surface will be greater than if they were in the interior 
by .067 J instead of .0423 / as in the former case. In this plane 
the number of atoms per unit area is only 1/+/2 that in the 
former case, thus the surface tension in this plane will be to 
that in a plane parallel to a face of the cube in the proportion 
of 47.3 to 42. The atoms in this plane having greater potential 
energy than those in a plane parallel to the faces of the cube will 
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develop a greater amount of heat when they enter into chemical 
combination. I find that for a gram molecule of sodium the 
difference would be about 10,000 calories. Thus chemical action 
would be more likely to go on at these faces than at the natural 
cleavage faces of the crystal; the photoelectric emission of elec- 
trons would also be greater. 


COMMUNICATION OF A CHARGE FROM GASEOUS IONS TO THE ELECTRODES. 


The preceding values have an important bearing on the trans- 
mission of electric charges from gaseous ions to metallic electrodes. 

Consider first the case of a positively charged ion. If this 
is to give up the charge to the electrode and escape as an uncharged 
atom or molecule, an electron must come from the metal, and be 
received by the ion. Let the work required to abstract the electron 
from the metal be /’» and let the ionising potential of the gas be 
lV», there the work required to discharge the ion is Vn—V9. If 
lm is greater than Il’, it will require an expenditure of work to 
discharge the ion, the ion will not give up its charge, 1.e¢., there 
will be no continuous current through the gas unless the external 
potential difference is greater than Vm — V9. 

Now take the case of a negatively electrified ion giving up its 
charge to the anode; here an electron has to be taken from the 
ion and given up to the anode; to remove the electron requires an 
amount of energy equal to ,, where )’, is the work required to 
move an electron from the negatively charged ion, it will be less 
than the ionising potential. On the other hand, work equal to lm 
is gained when the electron goes into the metal thus to effect the 
transference, work equal to ’, — Vm must be done, so there must 
be an external potential difference greater than |’, — lm to keep 
up the current. 

It would seem as if experiments on the potential required to 
effect the passage of electricity from the gas to the metal ought 
to give us the means of finding lV’, and I’,, quantities which are 
of fundamental importance in the energetics of chemical com- 
bination. To illustrate the kind of effects we are considering, 
let us take the case of ionised mercury vapour, the ionising poten- 
tial of mercury vapour is about 10 volts; I cannot find any direct 
measurements of the work required to extract an electron from 
liquid mercury, but inasmuch as mercury gives off electrons when 
exposed to light whose wave-length is not less than 2000, it can- 
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not be greater than about five volts; thus Vm is much less than |’, ; 
thus a positively charged mercury atom could give up its charg: 
to a liquid surface of mercury without the aid of an externa! 
potential difference. Unless, however, the work required t 
extract an electron from a negatively electrified mercury atom is 
less than half that required to extract it from a neutral one, |” 
would be greater than /’m and it would require an external electro 
motive force to make negatively electrified mercury atoms give 
their charge to a mercury surface. Both the gas and the electroc: 
can be varied in these experiments; thus if the gas were a strong!) 
electronegative one, like chlorine, we should expect |’, to | 
greater than /’m for a metal like sodium for which Richardson s 
value is 2.6 volts; if so, it would require an external electric fore 
to make negative chlorine ions discharge to sodium and get fre« 
The chlorine ion would cling to the sodium and combine with it, 
thus with chlorine ions and an electropositive metal as electrode, 
the anode would be more likely to be attacked by the chlorine tha: 
the cathode. To liberate the electron from the chlorine and get a 
neutral chlorine atom would require a potential difference at th 
anode equal to V,—Vm. At the cathode a positively electrified 
chlorine atom might not merely get neutralised by receiving on 
electron, but if /, were greater than /m, work would be gained 
by the chlorine atom receiving a second electron from the meta! 
When an electron falls into an atom, light is emitted ; the frequenc 
of the light depending on the amount of loss of potential energ) 
caused by the falling in of the atom, or what is the same thing, by 
the work required to eject the electron again. This work wher: 
a positively charged chlorine atom receives one electron and 
becomes neutral is measured by the ionising potential of th: 
chlorine atom ; when a neutral atom receives an additional electron 
it is measured by ’,. Thus, whenever, at the surface, say of a: 
alkali metal, the transference of electrons from the metal to, say, 
chlorine atoms, is going on, light will be emitted; this light wil! 
fall upon the metal, and as these metals give large photoelectric 
effects, it may cause them to emit electrons. As the light is 
emitted quite close to the surface of the metal, it is quite likel) 
that the intensity at the surface may be sufficient to produce meas 
urable effects though the intensity of the light may be much too 
faint to be detected at distances large compared with the radius 
of an atom. 
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INTERMETALLIC COMPOUNDS. 


The expression we have found for the potential energy of a 
solid has an important application to the theory of intermetallic 
compounds and alloys. Take the case of two metals, 4 and B, 
when they are apart they consist of lattices of atoms and elec- 
trons, and as we have seen may be regarded as built up of units, 
each unit containing a certain number of atoms, together with the 
appropriate number of electrons. Thus if the metal were mono- 
valent there would be as many electrons as atoms; if it were di- 
valent there would be twice as many, and so on. Suppose now 
that the metals were mixed under conditions which permitted free 
movement of the atoms and electrons. Then in the mixture in 
addition to the units consisting wholly of A or of B atoms, we 
may have units containing both A and B atoms. Thus to take a 
definite case, let 4 be sodium and B potassium, the unit might be 
a cube of side 2d, built up of eight cubes; at the centres of these, 
atoms of sodium and potassium might be placed alternately, the 
electrons would be at the corners, the centres of the faces, and the 
centres of the edges, and at the centre of the large cube. Such 
a unit would certainly be formed at low temperatures if its 
potential energy were less than that due to four units of sodium 
and four of potassium when these metals were separated. Again 
we might have a cubical unit with the potassium atoms at the 
corners and the sodium atoms at the centres of the faces; in this 
unit there would be three sodium to one potassium atom. There 
are many other possible units with different proportions of sodium 
and potassium atoms. Whether such units will be formed or not 
is a question of the relation between the potential energy of such 
a unit and the potential energy of the atoms it contains when 
arranged so that the units contain only one kind of atom. The 
point I wish to emphasize is that the conditions which determine 
the formation of these metallic compounds are of quite a different 
kind from those which determine the formation of gaseous com- 
pounds containing one or more electronegative constituents. With 
these it is the valency conditions, such as may be expressed by 
the formation of octets, which govern the type of admissible com- 
pound; with the metals, on the other hand, the formation or not 
of a compound is determined by the potential energy possessed by 
a unit of the lattice system formed by the compound. As this 
potential energy depends on the number of electrons as well as 
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upon the number of atoms in the unit, and as the number of elec 
trons depends upon the valencies of the atoms, valency will hay: 
an influence upon the type of compound, but of a different charac 
ter to that exerted in compounds between metals and electr: 

negative elements. From these considerations we should expec: 
that the structure of intermetallic compounds would not conforn 
to the condition of valency as ordinarily understood. We find 
for example, many stable compounds in which two atoms 0: 
a bivalent metal are combined with one atom of a univalent on 
e.g., NaCd,, KHg., CuMg,, a proportion inconsistent with th: 
usual conception of valency, but one which would be satisfied }) 
a very simple form of unit cell. Thus if the divalent atom: 
were at the corners of a hexagonal prism and the monovalent aton 
at the centre, while the electrons were placed at the centres of sic 
faces of the prism and two along the axis on either side of the 
monovalent atom, we have a unit containing two divalent atoms, 
one monovalent atom and five electrons. 


MIXED CRYSTALS AND INTERMETALLIC COMPOUNDS. 


Metallurgists distinguish between two types of combinatio: 
between metals. The one type called intermetallic compounds 
consists of alloys of a composition at which on a graph represent 
ing the relation between percentage composition and some physica! 
property, such as electrical conductivity, shows a well-marked 
maximum or minimum. These points in general correspond t 
alloys in which the proposition between the numbers of atoms 0! 
the two metals are expressed by simple ratios. Alloys of othe: 
composition represented by the regions between the maxima anc 
minima are supposed to be in a state which is sometimes describe:! 
as mixed crystals and sometimes as solid solutions. 

Let us consider the question of the combination of tw 
metals 4 and B from the point of view of the electron theory oi 
solids. There are several possibilities, the alloy might be a 
mechanical mixture of 4 and B; by this we mean that the atoms 
of 4 and B are respectively arranged in their own space lattices, 
and that there are no composite space lattices made up of atoms 
of A and B arranged in regular sequence. Another alternative is 
that the atoms should be arranged in composite space lattices, the 
atoms along the lines of the lattices consisting partly of A atoms 
and partly of B. Here there are again several possibilities, for 
with a fixed proportion between the number of A atoms and 
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the number of B there are many different composite lattices pos- 
sible. Thus, for example, if there are three A atoms for one of B, 
we might in two dimensional lattices have the spacings 


b 
b 
a i a % aa b a 

Thus the alloy might consist either of one kind of lattice or 
a mechanical mixture of a number of different kinds. If the 
atoms have been in a condition in which they could diffuse freely, 
e.g., if the alloy were stirred for a long time when the melt was 
liquid, the arrangement would be that corresponding to minimum 
potential energy, remembering that when there is a mechanical 
mixture of different phases we must take into account the energy 
due to surface tension. When there is a well-marked minimum 
in the potential energy for one arrangement of the atoms, we 
should expect that the alloy would be homogeneous and repre- 
sented by a single lattice corresponding to this arrangement. If, 
on the other hand, there are several arrangements which differ 
but little from each other in potential energy we might expect to 
find all these arrangements present in the alloy in proportions 
which would vary with the temperature. When the alloy is 
homogeneous and the arrangement of atoms and electrons capable 
of being represented by a single lattice, it corresponds in my view 
to an intermetallic compound. When, however, there are several 
different arrangements mixed together, it corresponds to a 
solid solution. 

When the atoms of A and B carry the same charge of elec- 
tricity, then if A is greatly in excess we should expect the B 
atoms to occupy positions along a space lattice that differed but 
little from that for pure 4. When, however, the number of the 
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B atoms increase beyond a certain proportion, there will probab|, 
be large modifications in the space lattice for the mixture an: 
possibly the formation of one of quite a different character. Th 
probability of a new type of space lattice will be much increase:| 
if B and A carry different electrical charges, i.e., have diffe: 
ent valencies. 

Let us consider from this point of view the changes we might 
expect in the properties of a mixture of two metals, 4, B, starting 
from pure A and ending with pure B. 

When 4 is greatly in excess, the formation of those com 
pounds which contain a comparatively large proportion of A in 
comparison with B will, in accordance with the principles of mas; 
action, be promoted, and the mixture will consist of free A, littl 
or no free B, and a number of compounds, the majority of whic! 
contain an excess of A over B. As the proportion of B increases 
the amount of free A diminishes and the proportion between the 
amounts of different types of compounds changes, the chang: 
being mainly at the expense of those which contain a large num 
ber of A atoms. When the mixture is such that the proportion 
between A and B is that of a possible compound, if that compound 
is one which has markedly less potential energy than its con 
stituents, the whole mass of metal at low temperatures at an) 
rate may practically consist of this compound. It need not, how 
ever, do so in all cases; there may be a certain amount of disso 
ciation of the compound depending upon the temperature. Again, 
if there is another compound with very small potential energy 
some of it is pretty sure to be formed, so that the mixture may no! 
be quite homogeneous even when the proportions are those of a 
possible compound. When the mixture consists almost entire!) 
of one compound, its constitution is identical in many respects 
with that of a simple metal. All the units of which it is built up 
are of one kind, and that kind an arrangement of atoms and elec 
trons, which when the units are united give, as in the cases of 
metals, a system of lattices for atoms and electrons. Any genera! 
property possessed by all metals would, we should expect, be 
possessed by this compound. In particular the conduction 0! 
electricity through the compound would take place by the same 
mechanism as through metals. Now one peculiarity of the con 
duction of electricity through metals is that the temperature 
coefficient of the electrical resistance is much the same for al! 
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metals, hence we should expect that the temperature coefficient 
of an intermetallic compound would be about that of the pure 
metals. There seems to be very considerable evidence *® that this 
is approximately true. 

The temperature coefficient of the electrical resistance when 
the mixture of the two metals contains several compounds is often 
very much smaller than that for pure metals; in fact, it is even 
sometimes of opposite sign. When there are several different 
components the effect of a rise in temperature will be an increase 
in the dissociation and hence an alteration in the proportion of the 
amount of different compounds present in the alloy. The more 
complicated compounds will be split up by the rise in temperature 
and the proportion of simpler ones increased. As the lattices 
formed by the complex compounds are more intricate than those 
of the simpler ones, we should expect their electrical resistance 
to be greater so that when some of these are split up owing to 
the rise in temperature there will be a tendency to reduce the 
resistance. Thus in a mixture of this kind there is, in addition to 
the normal effect which makes the resistance increase, an effect 
tending to make the resistance fall when the temperature rises; 
; this will diminish the temperature coefficient of the resistance. 

Let us now consider the changes in the elastic properties pro- 
duced by the formation of these intermetallic compounds. We 
have seen that in the solid state the potential energy of an atom 
and its associated electrons is equal to 
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when k, is the bulk modulus and N, the number of atoms in 
unit volume for the element A, since N,= A, /M, where A, 
is the density of A and M, the mass of its atom, the potential 
energy per atom may be written as 

Thus the potential energy of » atoms of a metal A and m of a 
metal B before they combine is equal to ca 


: nM, mM p 
é —45( Fs — + kp ey ) (94) 


*“Desch. Intermetallic Compounds,” p. §2. 
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If these unite to form the compound A»Bm, the potential enery 
_per molecule of this compound is 


— 4.5 


| a 
(nM +mM ) 
Bio A B 


Where kam is the bulk modulus of the compound and A um its de: 
sity, thus by the formation of the compound, the diminution | 
potential energy per molecule of the compound formed is 


‘ nk,M,  mk,M 
45] Ao (WM y + nM) — _ ad Fs 2) 
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and this must be equal to the heat of formation per molecule of tl) 


compound at zero absolute temperature. Thus from the con 
pressibilities of the compound and those of its constituents we ca 
calculate the heat of formation of the compound. 

Again 


nk,M kpM nM mM 
A 4 mF ak (TF Ay zx) 


4a 


nM, mM x nM, + mM xp 
Aa ae A % ~ 


Where K is the bulk modulus and A the density of the mixture, 
calculated on the assumption that A and B exert no influence on 
each other, hence the diminution in potential energy due to the 


formation of the compound may be written in the form 


(nM, +mM ~ jae x : 
B ) Mion A 49 
Now the compound will not be formed unless the potential energ) 
_ mn 


diminishes, hence —“~ — — must be positive, or if, as is generall) 


the case, Amn is very nearly equal to A, Rm» must be greater tha: 
K; in other words, the compound must be less compressible than 
a mechanical mixture of the metals. It is a general rule that 
the “ hardness ” of an alloy is greater than we should expect from 
its composition, and though hardness is not the same thing as th« 
reciprocal of the compressibility yet some of the tests used t 
measure the hardness, e.g., the indentation produced by a loade: 
ball, seem almost more a test of compressibility, the result tha‘ 
combination diminishes the compressibility seems to be indicated 
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RADIATION AND CHEMICAL REACTION.* 
BY 


HERBERT S. HARNED, Ph.D. 


Assistant Professor of Physical Chemistry, University of Pennsylvania, 
Philadelphia, Pennsylvania. 


Tue problem of the emission and absorption of radiation by 
matter is foremost in the minds of the physicists and chemists of 
the present day. An exact knowledge of these phenomena implies 
an exact knowledge of atomic and molecular constitution as well 
as an exact knowledge of the nature and properties of radiation. 
Even with such achievements as the Planck radiation formula, 
the Bohr-Sommerfeld theory of emission spectra, the Debye 
theory of the atomic and molecular heats of solids in the back- 
ground, it may be said that only the first steps have been made 
toward a solution of the problem. 

Very closely associated with this development is the obscure 
and complicated field of chemical reactivity. Every further 
approximation to exactness in the studies of atomic structure and 
the nature of radiation premises an advance in a knowledge of 
the mechanism of chemical reactions, and, vice versa, any advances 
made in the study of chemical reactivity will supplement the 
knowledge of matter and radiation. In this field, at least, the 
intellectual interests of the physicists and chemists are identical. 

In order to make progress in such a field, it is of great value 
to have a working hypothesis, founded on the best laws and evi- ti 
dence available, and containing in it ideas, which, whether true or 
false, possess such a dynamic character as to suggest numerous 2 
experiments. The “radiation theory’ of chemical reactivity 
suggested and developed by Trautz, W. C. McC. Lewis, and 
Perrin, and later further criticized and ramified by Tolman and 
Dushman, possesses these characteristics. In the following, a 
brief presentation of this theory and some of its implications 
will be made. 


* Presented at a meeting of the Section of Physics and Chemistry of The 
Franklin Institute held Thursday, March 15, 1923. 
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(1) THE REACTION VELOCITY CONSTANT OF HOMOGENEOUS REACTIONS. 


According to the law of Guldberg and Waage, the velocity 
of a chemical reaction may be expressed by the equation 


- = ki(m, mz ms; - + > mn) 

where - is the velocity at a time ¢ and #1,, mtg, my, . ~~ ») 

are the masses of the atomic, molecular, or ionic species presen! 
at a time ¢t. When only one species is changing, the reaction is 
monomolecular, when two species are changing, the reaction |: 
bimolecular and so forth. k, is the reaction velocity constant 
From the point of view of the student of reaction velocities, it may 
be said that no two chemical reactions may be expected to hay: 
the same velocity constants, and no laws are known which enab| 
the prediction of the numerical value of the velocity constant of an 
unknown reaction. 

Reactions may be divided into two types: 

(1) Reactions which have a very high temperature coefficient 
of reaction velocity constant, or thermal reactions, and (2) reac 
tions which have a very low or inappreciable temperature coetti 
cient of reaction velocity, or photochemical reactions. An exam 
ple of a monomolecular reaction of the first type is the therma 
decomposition of phosphine in the gaseous phase. An example 
a reaction of the second type is a photochemical reaction such as 


H: + Ck = 2HCI 


where visible radiation causes combination and ultra-violet radia 
tion causes decomposition. Incidentally, the rate of decomposition 
of radioactive elements is a monomolecular reaction obeying thie 
well-known law 
k, = tin”? or Ige** = J 

where k, is the velocity constant, e is the base of the natura! 
logarithm, / is the radioactive intensity at a time t, and J, is the 
initial intensity. (The intensity is proportional to m, the mass 
of radioactive substance.) The rate of radioactive decomposition 
is independent of the temperature, and, consequently, accord 
ing to the above classification, radioactive changes should 
be photochemical. 
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Any combination of two molecules to form one or more species 
is a bimolecular reaction. Thus, the thermal combination of 
hydrogen and iodine in the vapor phase to form gaseous hydriodic 
acid is an example. Other familiar examples are the hydrolysis 
or the saponification of an ester, the hydrolysis of cane sugar, etc. 


(2) THE TEMPERATURE COEFFICIENT OF THE REACTION VELOCITY 
CONSTANT OF MONOMOLECULAR THERMAL REACTIONS.* 


The velocity constant of a thermal reaction doubles or trebles 
with a rise of temperature of 10° C. This extraordinary rise in 
velocity has proved very difficult to explain. Take, for example, 
any monomolecular reaction, in which one molecular species and 
only one is changing (the decomposition of phosphine), and con- 
sider how a change is brought about. If only the molecules in the 
reacting chamber and nothing else be taken into account, there 
are two alternatives: (1) That the molecules decompose spon- 
taneously without being influenced by an external agency; (2) 
that a molecule decomposes after collisions with other molecules, 
by means of some kind of molecular shock. Spontaneous decom- 
position is untenable, because such an assumption involves diffi- 
culties in the energy relations, and it would be extremely difficult 
to explain the increasing explosibility of the molecule with rise 
in temperature. The theory that the molecule decomposes at each 
collision with another molecule is also untenable, for, in the first 
place, it can be shown by kinetic calculations of the change in 
number of such collisions with the temperature that a rise in 
10° C. would only increase the velocity constant about 3 per cent. 
Substantiating this is the extremely important fact that, at a given 
temperature, the velocity constant of a monomolecular reaction is 
independent of the pressure. Further, if molecular shock produced 
an increase in velocity, the presence of many molecules of an inert 
substance (argon in the phosphine) would increase the velocity. 
This, in cases of monomolecular gas reactions, has been shown 
not to be the case. 

In attempting to explain these phenomena, mention should 
first be made to a simple and brilliant suggestion made by 
Arrhenius. This was that an ensemble of molecules of any 
substance at a given temperature contains inactive and chemically 


= Perrin, Annales de Physique, ‘Ser. 9, 1%, 5 (1919). 
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active molecules, and that increase in temperature increases the 
number of active molecules. It was also shown by Arrhenius 
that the expression 


dink _ A 


ar fF y/ 


accounts for the variation of the reaction velocity constant with 
the temperature in a satisfactory manner. In this equation, | 
is the velocity constant, .4 is a constant, and 7 is the abso 
lute temperature. 

In all the previous discussion concerning the monomolecula: 
gas reaction, one very important consideration has been omitted 
If a gas is in a hollow space at a given temperature, there is 
present in this “hohlraum,” not only the gaseous molecules but 
thermal radiation of various wave-lengths and of density corre 
sponding to that temperature. As will be shown in the following 
section, in considering the kinetics of chemical reactions, not onl) 
the mechanism of the reaction but also the mechanism of the 
radiation, and the exchange of energy between the matter and 
the bath of radiation must be taken into account. 


(3) THE RADIATION HYPOTHESIS OF CHEMICAL REACTIONS. 


The idea that radiation is the source of the energy which 
activates all chemical reactions was first proposed by Trautz.* 
This point of view has been more clearly stated and generalize: 
by Lewis * and by Perrin.‘ 

Following Perrin, the radiation hypothesis may be stated as 
follows: “ All chemical reaction is provoked by a radiation; its 
velocity is determined by the intensity of that radiation, and 
only depends on the temperature in the measure that the intensity 
depends on it.” This statement involves a number of questions 
of interest. Radiation is here meant in the broadest sense, includ 
ing all modes of vibration, extending from the extremely short 
wave-lengths into the longest wave-lengths in the infra-red. In 
general, visible and ultra-violet absorption or emission is to b« 
associated with the electrons, infra-red absorption or emission 


* Zeits. Photo., 4, 160 (1906) ; Zeits. anorg. Chemie, many articles from 1906 
to the present time. See bibliography at the end of this article. 

* Jour. Chem. Soc., numerous articles from 1914 to the present time. 

*“Les Atomes,” 1913, Annales de Physique, (9), 11, 5 (1919). 
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with the atoms and molecules. Consequently, purely thermal 
reactions will be activated by the infra-red. In the second place, 
the reaction velocity is assumed to be proportional to the inten- 
sity of radiation, or the radiation density. This is the sim- 
plest assumption. 

According to the above hypothesis, the rate of a mono- 
molecular reaction will be given by 

= = constant (a — x) updv (4) 
where x is the mass of substance changed in a time ¢, a is the 
initial mass of substance, and tm#dv is the radiation density. 
Planck’s radiation formula is 
Sahu" I Sav" hv 


edo = + dv = Ss m 


g™ my e*T —y 
where urdv, the radiation density, is the energy density of all 
modes of vibration with frequencies between v and v+dv. h 
is the Planck constant, c is the velocity of light, e is the base of 
the natural logarithm, k is the gas constant per molecule, and 7 
is the absolute temperature. By means of Fourier series and 
probability considerations, it can be shown that the number of 
modes of vibration in unit volume of frequencies between v and 


- Sx " 
v+dvis —; 4d. According to the quantum theory, the energy 
he 
of a mode of vibration of a frequency v is - The product 
: T 
e —I 
of these two quantities gives the energy of unit volume of radia- 
tion of frequency v. Since 7, h, v, and c are constant, and dv 
is taken for a small finite band of frequencies, the reaction velocity 
may be written 


dx 


I 
a = constant (ad — x) — (6) 
el — J 


"It is worthy of note that Einstein (Ann. der Physik, (4), 37, 832 
(1912) ), in the deduction of the photochemical equivalent law makes the same 
assumption that the photochemical reaction rate is proportional to the density 
of visible or ultra-violet radiation. The radiation hypothesis may, therefore, 
be regarded as an extension of the Einstein photochemical equivalent law to 
thermal reactions. 
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Perrin and Lewis take it that in the infra-red region y 


e I 
ho 


may be put equal to e *? without making an appreciable error. 
he 

The radiation density would also be proportional to e *? if Wien’s 

radiation formula had been employed. Then 


ho 
& =constant(a —x)e *7 


Integrating at constant temperature 


he 
I a - 
—In =constante "7 =k, 
t a-*x 


where k, is the observed velocity constant. Differentiation of 
this last equation with respect to T gives 


dink, _ hv 
ar kT? 


. R ‘ 
Remembering that =>, where R is the gas constant per gram 
molecule, and N is Avogadro’s number, we obtain finally 

dink,  Nhv 


aT ~ RT 
This important equation has here been derived in a simple manner 
from the radiation hypothesis with the further assumption of the 
quantum theory. v is the frequency which provokes the reaction 
and is assumed by Perrin and Lewis to be a single frequency 
or a narrow band of frequencies. To sum up, it is found that 
by making the velocity constant proportional to the energy density 
of thermal radiation, an equation similar in form to the equation 
of Arrhenius may be deduced. 

The same reasoning may be applied to polymolecular reactions 
Take the reaction 


A, <— A’, +A‘; 
The reaction velocity of combination at constant temperature 
will be given by 


v =k’ Ca’,Ca’s 


The temperature coefficient of bimolecular reactions is of the 
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same order of magnitude as of monomolecular reactions. This 
large temperature coefficient is not accounted for by the theory 
of molecular collisions, and, consequently, it is reasonable to 
assume that the bath of radiation plays a similar rdle in the 
mechanism of bimolecuiar and monomolecular reactions. 

It is important to know whether v calculated by this equation 
and observed velocity constants always falls in the infra-red 
region. This point is confirmed by the following table taken 
from Perrin’s paper : 


TABLE I. 


Reaction. a ee 2X 10714 Angstrom 
Saponification of ethyl acetate... Q—» 45 1.17 25,600 
Dissociation of PHs ........... 310—>510 1.2 25,000 
KCIO; + FeSO, + H:SQ, ....... 10—» 32 1.61 18,600 
CEE AEE os. 68 cc cccicese ee 6—> 30 1.97 15,200 
naa is d60concccess O—» 61 2.0 15,000 
CH,CONH, + HsO .........6.- 65—» 100 2.0 15,000 
CH.CICH;OH + KOH ........ 7) 2.14 14,000 
Dibromsuccinic acid + H.O .... 15——»I0I 2.34 12,800 
Diazoaminobenzene ——> 

azoaminobenzene ...........- 25—> 35 2.4 12,500 
CONS Fe ia Wien pheaiicciacs I5——> 40 2. 12,500 
Inversion of cane sugar ....... 25—> 55 2.68 11,200 
CH:CICOONa+NaOH ..... 7O—»130 2.75 10,900 
CH.CICOOH + HO .......... 80—» 150 2.77 10,800 
Dissociation of AsHs .......... 256—» 364 2.80 10,000 


All wave-lengths correspond to the infra-red region. 


(4) INFERENCES FROM STATISTICAL MECHANICS. 


It has been shown by Marcelin ® and Rice’ from considerations 
of statistical mechanics, that the velocity constant of a thermal 
reaction will be expressed as a function of the temperature by 
the equation 

dink, _ Ec 
dT RT? 

*Comp. Rend., 157, 1419 (1913); 158, 116 and 407 (1914) ; Amn. de Phy- 


sique, (9), 3, 120 (1915). 
' Brit. Asso. Rep., 1915, 397. 


(11) 


ee 


¥, 
~ipayath in 


i cient) 
eprihcets 


eA Cee 


f 
; 


188 HERBERT S. HARNED. [J.1 


This equation is of the same form as the equation of Arrhenius 
and equation (10), but, in this case, a further significance is 
given to the quantity Ec. Rice showed that Ec equalled thy 
difference between the energy of 1 mol of activated molecules 
and the average energy of 1 mol of molecules. Tolman ® ha; 
shown, by a somewhat different mathematical treatment, that 


dink _ Ex — Eat+Ex—Ex 


dT RT 


where E, is the average energy of the molecules which enter 
reaction, E, is the average energy of all molecules of this kind, 
Ep is the average energy of the modes of vibration upon entering 
the reaction, and E, is the average radiant energy of such modes 
of vibration whether or not they are in a reactive condition. This 
equation becomes 


dink, a E activated — E average _ Ec 
dT RT? - RP 


13 


where Ec, the critical increment, is the energy causing th 
decomposition of 1 mol of molecules through interaction with 
“1 mol”’ of modes of vibration, and E,,.;ace iS the average energy 
of the molecules and modes of vibration. This latter equation, 
as well as that of Marcelin and Rice, is of considerable interest 
because it has been deduced without the assumption of the qua 

tum theory, and the integration has been carried out, not for a 
narrow range of frequencies, but for all frequencies, and all states 
of the molecules and modes of vibration. Further, since this 
equation is similar in form both to the equation of Arrhenius, and 
to the equation derived by Lewis and Perrin from the radiation 
hypothesis, it is of considerable value to state, without going into 
particulars, the assumptions upon which it is based and the method 
of derivation. 

The Maxwell distribution law, which gives the number of 
elements (molecules or modes of vibration) out of a total number 
of elements which have codrdinates and momenta in an element of 
volume of generalized space, was deduced by the usual method. 
The Hamiltonian equations of motion were assumed. The proba- 
bility of a state described statistically was found, and this 
probability made a maximum, corresponding to statistical equi- 


* Jour. Amer. Chem. Soc., 42, 2506 (1920). 
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librium. This involved the use of Stirling’s formula for facto- 
rials. In applying the Maxwell distribution law to the rate of 
monomolecular thermal reactions and their temperature coeffi- 
cients, the following assumptions were made: 

(1) The system is gaseous. 

(2) The velocity slow and measurable. 

(3) Dilute. 

(4) Radiation is a necessary part of the reaction. The chance 
that a molecule will absorb radiation depends on the states of the 
molecule and the bath of radiation. Thus, the present deduction 
depends on the radiation theory, but not on the quantum theory. 

(5) The integration is to be carried out over all frequencies 
and all possible states of molecules and modes of vibration. Not 
a single frequency, or a narrow band of frequency, but all fre- 
quencies may cause activation. 

For the temperature coefficient of a truly photochemical reac- 
tion activated by a narrow range of frequencies, Tolman obtains 
the equation 

dink, _Es4—Ea 


wT (14) 


where E, is the energy of the molecules which react and E, the 
average energy of the molecules. This temperature coefficient 
will be very small or perhaps inappreciable. 


(5) THE VAN’T HOFF EQUATION. 


A chemical reaction represented by 
A, +Ar+-+++geA1+An4+-::: 


will be in dynamic equilibrium when the velocity from right to 
left equals the velocity from left to right, and, consequently, 
Mm = 0, = khiCaCas ++ = hela, Cas ** 

where v,, v’,, are the velocities from left to right and from right 
to left, respectively; &, and k, the velocity constants from left 
to right and from right to left, respectively, and the c’s repre- 
sent the concentrations of the molecular species denoted by sub- 
scripts. From this equation, it follows that 


se Sls acet ae 


C4C4g°* °° 


where K is the equilibrium constant of the reaction. 
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From statistical mechanical considerations, it has been found 
that 


dink - E; activated — E; average pa Ea 
dT RT? 


and 


din kz Es activated — Es average = Ea 
dT RT? RT? 


Since, at equilibrium, Ej .ctivatea CQUaIS Egsctivates, 


din * 
k, sis dink = Ex average — Ej) average oH AE 


aT dT RT RT’ 


It is readily seen that AE is the increase in internal energy of the 
reaction in going from left to right. Equation (16) was first 
obtained by Van’t Hoff by purely thermodynamic reasoning 
applied to a reaction taking place in a homogeneous system 
of gases. 


(6) SUMMARY AND CONSEQUENCES OF THE PRECEDING DISCUSSION. 


From the preceding equations, all the important funda 
mental equations resulting from the radiation hypothesis may 
easily be derived. 

(1) By the assumption that the velocity of a thermal reaction 
was proportional to the radiation density, calculated by Planck s 
formula, the equation 


dink, _ Nhv 
ar kT “ 


has been deduced. 
(2) By applying statistical mechanics to the problem of 
thermal reaction rate, 


dink, EE; 


— 1! 


aT ~ RT? 


may be deduced, where Ec is the energy necessary to activate a 
gram molecule. 

From these equations, it follows that if the reaction is stimu- 
lated by a single frequency or a narrow range of frequencies, 


E-¢ = Nho 
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remembering that, by equating these quantities, the quantum 
theory is tacitly assumed. Equation (17) is an expression of 
the Einstein photochemical equivalent law for thermal reactions, 
and states that to produce the decomposition of a single molecule, 
one quantum of energy, hv, corresponding to a frequency v, 
must be absorbed. 

(3) From Van’t Hoff’s equation and equation (10), the fol- 
lowing is obtained 


din hs 
" ka _ Nho; — Nhw, _ AE ! 
ar ~~ Rr? (16 
whence 
AE= Nh (vr, - V2) (18) 


This formula for the internal energy change of a reaction was 
originally deduced by Haber ® by a different method. If equation 
(18) be applied to chemical reactions, then, following the nomen- 
clature of Perrin, all monomolecular chemical reactions should be 
written in the form 
Nhv, + A = A’ + Nho, (19) 

where v, is the frequency which activates A causing its decom- 
position, and v, is the frequency which activates A’ and causes 
its decomposition. Tolman, as previously mentioned, has investi- 
gated the case of thermal reactivity where all frequencies may 
cause activation. 

It must be borne in mind that AE varies with the temperature. 
This fact is not explained by equations (18) and (19). 


(7) SOME THEORETICAL CONSEQUENCES OF EQUATION (19). PERRIN’S 
EXTENSION OF THE RADIATION HYPOTHESIS. 


Following the procedure of Perrin, all monomolecular reac- 
tions should be written according to 


Nho, + A = A’ a Nhvz (19) 


A polymolecular reaction would also be written in the same general 
way, being probably more complicated than the above by reason 
of the absorption and emission of more frequencies by more 
molecular species. This equation is regarded as being valid not 
only for thermal reactions, _ but for all reactions where the absorb- 


° Ber. Deutsch. phys. ( Gesel L., 13, I117 (191). 
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ing or emitting oscillator may be either the atom or the electron 
The mechanism of all reactions. is therefore fundamentally a 
universal photochemical mechanism. “ All chemical reaction 
consists of two movements: The absorption of radiant energy 
which provokes the reaction and the emission of radiation by the 
reverse reaction.”’ In his admirable defense of this thesis, Perrin 
has applied the theory to such diverse phenomena as phospho 
rescence, fluorescence, radioactivity, the evolution of the stars, 
velocity of crystallization, fusion pressures, sublimation, evapora- 
tion, emission and absorption spectra, etc. A few of these exam 
ples will suffice to illustrate his method. 

(a) The Quantum Theory.—When an ensemble of molecules 
and atoms undergoes a change, the rate of this change can be 
measured, due to the fact that all the molecules and atoms are 
not capable of reacting at once. When, however, the change in 
a single molecule or atom, or the change within a single molecule 
or atom is considered, the rate of change is extremely great, and 
immeasurable. From the following postulates, which give a 
picture of this mechanism, the quantum theory may be deduced : 

(1) Matter consists of electrons and positive nuclei, and 
these elementary oscillators cause the emission and absorption 
of radiant energy. 

(2) These charges are grouped in stable states which do not 
radiate, and, when in this condition, are atoms and molecules. 

(3) Atoms are capable of passing from one stable state to 
another stable state with great rapidity, thus emitting or absor)- 
ing radiation. 

(4) The variation of energy is hv where v is the absorbed 
or emitted frequency and A is Planck’s constant. 

Thus, a reaction consists of an ensemble of extremely rapid 
changes from one stable state to another. When a molecule or 
an atom passes from a stable state a to a stable state a’, /iv 
energy is first absorbed by the system in the state a rendering 
it unstable or active. This absorption will depend on the frequency 
of oscillation of the atoms or electrons of the system, and the 
phase, the intensity of the radiation, and, perhaps, some other 
factors. The unstable state a then changes to the state a’ with 
extreme rapidtiy, liberating hv’. The total energy change |: 
hv—hv’. According to Perrin’s point of view, there are no 
exceptions to this picture. 
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(b) The Bohr Theory of Emission Spectra.—If it is assumed, 
as Bohr assumes, that the atom may exist in a successive series of 
stable states 

@), @2,3+*+ an 
possessing internal energies 
U,, U2, Us+ ++ Un ' i 
7, 
and that - 
Un--->Us > U2 > U; 
the radiation theory of Perrin falls into accord with the Bohr 
theory. For let each of the stable states correspond to definite 
electronic arrangements, electronic orbits. Then, if an electron 
passes from a, to a;, the energy emitted is according to the 
Bohr theory 
U; - U; = hv’ 
It is hard to understand this spontaneous change or jump from 
one stable state to another without the agency of an external 
stimulus. The application of the fundamental equation 


> > 
| hv + A —»A’ + ho’ 


‘ . -_ ‘ U; — U. 
removes this difficulty. Thus, light of a frequency ~;— may 
transform an atom from a state a, to a state a,._ If the electron 


a= Us 


. ‘ ‘ Us ey 
then falls into an inner orbit, or a state a;, the frequency —; #1 
would be emitted. This whole process may be written 


mcr amar eee + 4 
(2S) pret (252) 

(c) Radioactive Transformations.—Since equation (19) is 
held to be valid for all transformations of matter, it should be 
valid for radioactive decompositions. Radioactive changes appa- 4 
rently take place spontaneously according to the law of mono- 
molecular change. The rate is independent of the temperature 
and all other external conditions. At first glance these changes 
are like explosions, taking place with an enormous evolution of 
heat. Radioactive change has thus always been supposed to : 
be exothermic. iis 

Perrin assumes that the decomposition of radioactive atoms is a 
not exothermic but endothermic, and is produced by the absorption 
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of radiations of very high frequencies (v = 107! or 1000 times the 
frequencies of X-rays). These rays traverse all substances, ani 
are formed in the incandescent centre of the earth. Radiation | 
such frequency will not exist in ordinary thermal radiation, ai 
thus radioactive decomposition will be independent of the tem 
perature. The process may be expressed by 


—> 
Nhv + Ra —> RaEm + He + Nhv’ 


where v is radiation of this enormous frequency, and wv’ is {| 


frequency of the thermal radiation emitted. From the abo 
equation 


Ra —»> RaEm + He — Nh (v — v’) 


and, consequently, the reaction takes place with the absorption 
energy equal to Nh(v—v’). In this ingenious way, the theor, 
may be applied to radioactive phenomena, and the difficulty 0: 
explaining spontaneous explosibility avoided. 


(8) THE EINSTEIN PHOTOCHEMICAL EQUIVALENT LAW. 


The Einstein photochemical equivalent law may be stated as 
follows: If a gram molecule of any substance is decomposed }) 
luminous or ultra-violet radiation of frequency v, Nhv radiation 
energy must be absorbed by the substance. This law was orig: 
nally deduced by Einstein for purely photochemical reactions }) 
a method quite different from the method employed in the present 
discussion. In Einstein’s deduction, however, the same funda 
mental assumption as that underlying the radiation hypothesis, 
namely, that the reaction rate of a photochemical reaction is pro 
portional to the density of the radiation absorbed. This assump 
tion, which is the simplest, is made in all these theories. 

Many investigations of photochemical reactions reveal that 
for certain reactions which Bodenstein '° has conveniently called 
primary reactions, the photochemical equivalent law holds within 
the limit of experimental error. In Table II are given a few exam 
ples selected from the collection of data presented by Bodenstein 
and Dux. 


*” Bodenstein and Dux, Zeits. Physik. Chem., 85, 297 (1913). 
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TABLE II. 


Primary Photochemical Reactions. 


Reaction. Absorption. Law of Velocity. Wen 
Qe ME Tictsidsieeiats Weak ky (Oz) 4 
Strong ky 
2NHs=N: + 3H: ..... Strong ky 1 for 2 NHs 
Anthracene —> 
dianthracene ........ Medium kil 0.7-——>1.0 
Sa mag coccesvccccses Medium kil 4—>5 (approx.) 


These results are of the right order of magnitude, and, since any 
direct method of measuring the energy absorbed is difficult, may 
be considered as good evidence for the law. In these reactions, the 
equivalence of the exchange of energy between the radiation and 
matter appears to be established. 

There are, however, a class of reactions, secondary light 
reactions, which are exceptions to the photochemical equivalent 
law. A few examples, selected from Bodenstein’s and Dux’s 
paper, are given in Table III. 


TABLE III. 


Reaction. Law of Velocity. ——— 
i - k 1,)? 
H: + Ch = 2HCl i 108 
2 
203 = 302 oe 10? -> 10° 
4HI + O, = 2H;0 + 2l; ky [Io] (Os) 10° 


Br, + C;Hs = C;H;Br + HBr k, [Bre] [(C7Hs] 10° 


In three of the above reactions, for 1 hv absorbed, 10° mole- 
cules react. 

Notable attempts have been made by Bodenstein and Nernst 
to explain this enormous discrepency. Bodenstein’s theory was 
based on an assumed photoelectric effect on the molecules. 
Nernst ! admits that all primary photochemical reactions con- 
form to the Einstein photochemical equivalent law. In the case 


" Zeits. Elektrochemic, 24, 335 (1918). 
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of secondary light reactions, secondary reactions of an obscure 
nature take place. Nernst explains the photochemistry of the 
reaction of formation of hydrogen chloride from hydrogen and 
chlorine as follows: 
(1) The primary reaction which obeys the Einstein law is 
Ck = 2Cl 
(2) Two secondary reactions take place simultaneous!) 
which are 
Cl + H; = HCl +H 
Ck + H = HCl +Cl 
According to the above processes, from an extremely small num 
ber of chlorine atoms, a relatively large number of hydroge: 
chloride molecules may be formed. This explains also why this 
reaction is retarded by the presence of traces of impurities such 
as ammonia. 

The primary light reaction liberates atoms. If there is present 
in the system “ acceptors ” or molecules easily capable of reaction 
with these atoms, very many molecules may be formed per quan 
tum of light absorbed. If there is no acceptor present, fewer 
molecules may react than required by the photochemical equivale:t 
law. This point is in accord with the experiments of Pusch ** 
on the reactions between hydrogen and bromine and hexahydr 
benzene and bromine. 

All the above examples refer to true photochemical reactions 
brought about by the absorption of visible or ultra-violet light 
No direct evidence of the kind has been contributed for the 
establishment of the law for reactions stimulated by infra-red 
radiation. The behavior of thermal reactions may be proved to 
be quite different. 


a ou 


(9) DUSHMAN’S THEORY." 
From statistical mechanical and thermodynamic theory, it has 
been found that 
dinK _AE_E.i—-f, (16 
aT RP RTF ‘s 


and 
din ky ” EB, ) 
ar RT | 
dinkk Ee | a 
aT RT? | 


* Zeits. Elektrochemie, 24, 336 (1918). 
* Jour. Amer. Chem. Soc., 43, 397 (1921). 
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K is the equilibrium constant of the reaction, AE the heat of 
reaction, k, is the velocity constant in one direction, k, the velocity 
constant in the reverse direction, and FE, and E, are the heats 
of activation per mol. Before a reaction can occur in one direction 
or the other, the molecules must have acquired an energy E, or E, 
in excess of the average energies of the molecules. The fraction 
of the total molecules, V,, which have acquired this energy may be 
calculated by means of the Maxwell distribution law for energies. 
Thus, the number of molecules dN, which possess an energy 
between E and E + dE is given by the equation 


y _NE 
dNe= =e RTdE (20) 
Eo 


If N is Avogadro’s number, R will be the gas constant per mol. 
Let the mean initial energy of 1 mol of the molecules be E,ycrage 
and let this energy be increased to the critical value E by the 
amount E, by the absorption of “1 mol” of radiation. The 
fraction @, of the molecules which have a critical energy E will 
be given by 


ey -= _ £7” 
£ E e RTdE — RTe rr | , - 
a. ee 


Likewise, the fraction, %, average, Of the N molecules which have 
an energy E,vecrace, Will be 

_E average 
Gp svernee © RT 
Then the fraction, %, — 2p, averegey Which have received the energy 
E, will be 


_E average a (E — Eaverage) E 
RT RT RT (21) 


oe =¢ =<¢ 


If the reaction velocity constant, k,, is assumed to be proportional 


to 2, the equation 
Ey 


ki =ve RT (22) 


is obtained. k, has the dimension of f' or a frequency. The 
quantity E, has been shown to equal Nhv,, the energy acquired 
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by the absorption of a frequency v,. Therefore 


R . ead 
where * = 5 , an equation similar to equation (10). 


Dushman’s theory rests on the following assumptions : 

(1) vin equation (23) is a frequency. 

(2) The relation E, = Nhzv, is valid. 

(3) Dushman finally makes the bold assumption that 
As a result of the above considerations and assumptions, th 

velocity of a monomolecular reaction will be given by 


_ 
—— =a *T 25 
and the velocity constant by 
ee ee 
bane = Ee BF 2¢ 


If the reaction be carried out at constant volume, E, will equal O 
the heat of activation, and thus Dushman’s equation for the 
velocity constant of a monomolecular reaction is 

Q: 


by = SRT \27 


Dushman has been able to show that this equation accounts 
for the present available data with considerable accuracy. Here: 
lies the justification of his assumptions. In the following, a 
calculation of the velocity constant of the dissociation of phos 
phine, taken from Dushman’s paper, is given. 

N = 6.062 X 10” 

Aa) 6.55 X 107%? 

4-184 X 107 

Hence from equations (25) and (27) 


de ~~. 
i= -— Pte 1.048 X 10° Qe RT 
or 
log &; = 10.0203 + log Q;= Q: 28 
4.571T 
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The velocity of the reaction 


PH; = P+ 2H, 


has been studied by Trautz and Brandharkar ** and the reaction 
rate has been shown by them to be free of catalytic effects which 
might be produced by the walls of the vessel. The observed and 
calculated values are shown in Table IV. Under k, (obs.) are e 
the values taken from the data of Trautz and Brandharkar. Under 
k, (graph) are the values read off the smooth plot of the velocity 
constants against the absolute temperature. @Q, (calc.) was com- 
puted by means of equation (28), and k, (calc.) was obtained 
by means of the same equation from the mean value of Q, or 


TABLE IV. 


10° k; (calc. ) 


; T. 10° ky (obs.) 10° k; (graph) Q: (calc.) 
x 956 22; 18; 22 18.3 72,760 17.5 
: 953 15; 11 15.0 72,740 15.2 
948 17; 10; 10; II 12.0 72,710 12.4 
‘ 045 8.5 10.2 72,7 10.8 
; Q42 17 9.1 72,7 9.6 
‘ 940 13; 14 8.3 72,740 8.9 
3 936 2.7; 3; 83; 7.6; 87 7.1 72,730 7.6 
| 933 12 6.3 72.600 6.6 
: 929 5.6 5.5 72,610 5.6 
i 923 4.4 4.6 72,560 4.4 
: g18 3.6 3.8 72,520 3.5 
» 845 0.54 60,920 0.113 
: 785 0.0021 0.0041 
i 719 0.00081 0.000055 
cs - ewe = 2 
: 
: The constancy of Q, (calc.), and the agreement between the 


calculated values of k, and the values read off the plot afford 
an interesting confirmation of Dushman’s contentions. 

In the remainder of Dushman’s paper, the same method has 
been applied in calculating bimolecular velocity constants and 
also equilibrium constants of various reactions. The agreement 
4 between the observed and calculated values is indeed remarkable, 
. but further discussion at this point would be beyond the scope of 
the present survey. 

* Zeits. anorg. Chem., 106, 45 (1919) Y 
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(10) GENERAL CONSIDERATIONS AND CONCLUSION. 


The present brief presentation of the hypothesis which makes 
radiation the cause of chemical reactivity by virtue of the power 
of radiation to bring molecules or atoms into an active state makes 
no pretention of being consistent throughout. There are impor- 
tant differences in the theories of those who have contributed 
to this field. However, all are agreed that the bath of radiatio: 
in which the reacting substances are placed is of fundamenta! 
importance in the mechanism of chemical reactions. 

Lewis and Perrin have based their theory on the assuniptic. 
that the energy activation is due to the absorption of radiation « 
a narrow range of frequencies. For thermal reactions, these fre 
quencies occur in the infra-red region. Langmuir *° has raised 
two important objections to this point of view. Firstly, since the 
reacting substance must absorb radiation of a given frequency, 
the substance should exhibit an absorption band corresponding 
to that frequency. He points out that in numerous cases there is 
no evidence of such bands. Secondly, the energy necessary to 
activate phosphine at 948° C. is 4x 10” greater than can be 
obtained from the radiation (frequency 392##; calculated by the 
radiation hypothesis as the frequency of activation of phosphine 
of a black body at that temperature. 

Lewis and McKeown ** have attempted to answer these criti 
cisms. They emphasize the important difference between a true 
photochemical reaction and a thermal reaction. In a photochem 
cal reaction, the temperature of the reacting system is very differ 
ent from that of the radiation, while in thermal reactions, there is 
thermal equilibrium between the radiation and the reacting system 
Thus, in the latter case, when energy corresponding to a narro\ 
range of frequencies is removed by the reacting system from th: 
bath of radiation, thus disturbing the equilibrium, the bath wil! 
tend to restore equilibrium (if maintained at a constant tempera 
ture), and more modes of vibration of the required frequency 
will be produced, thus supplying the necessary energy. 

Tolman, by adopting the fundamental different point of view 
that for thermal reactions all frequencies may stimulate the react 
ing system, offers another method by means of which Langmuir’s 
objections may be removed. Certainly, not enuugh data have been 


* Jour. Amer. Chem. Soc., 42, 2190 (1920). 
* Jour. Amer. Chem. Soc., 43, 1288 (1921). 
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accumulated to definitely settle whether a narrow band, all fre- 
quencies, Or all frequencies beyond a threshold frequency are 
responsible for thermal reactivity. 

The radiation theory at present marks the beginning of a 
new interpretation of chemical reactivity, and should be considered 
as a step towards the solution of this different problem, not a 
valid solution. The spirit of approach may best be realized by 
a quotation from Perrin, who is one of the masters in this field. 
“T’ai tenté de montrer qu’on développer_ une theorie cohérente 
qui voit dans la lumiére la cause des reactions chimiques, et qui 
élucide et rapproche des classes étendues de phéenoménes au pre- 
mier abord assez dissemblables. Dissociations ou combinaisons, 
phosphorescences, radioactivité, changements d'état physiques, 
semblent obéir 4 une méme loi fundamental par ot se traduit, a 
notre echelle, la physique intérieure a l’atome. Je ne me dissimule 
ni la charactére préliminaire d’une étude qui n’est encore que 
grossi¢rement approchée ni les incertitudes ou les difficultés qui 
subsistent, et surtout je sais la necessité de faire des experiences 
dont certaines sont suggérées avec evidence. Mais le travail sera 
peut-etre considerable et j’ai cru pouvoir indiquer les principes 
qui le dirigeront.”’ 
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On Some Alpha Ray Tracks. C. T. R. Witson. (Proc. Cu i 
bridge Phil. Soc., vol. xxi, part iv.)—Four splendid photographs «: 
reproduced of the tracks of alpha rays from thorium or one of 


descendants. It is remarkable how Mr. Wilson can explain just how j } 
the idiosyncrasies of the paths came about. His is a power(u! j 
method. G. F.S 


THE MODIFICATION OF WIND-TUNNEL RESULTS BY 
THE WIND-TUNNEL DIMENSIONS.* 


BY 


MAX M. MUNK, Ph.D., Dr.Eng. 
Technical Assistant, National Advisory Committee for Aeronautics. 


SUMMARY. 


THE necessary corrections are determined for the influence 
of the dimensions of the wind-tunnel upon the results of tests on 
wings and propellers. 

Tests for the investigation of this question have probably been 
made in every wind-tunnel. The problem is indeed of great 
importance, whether the influence of the boundaries of the air 
current can be neglected or not. In the former case the investi- 
gator should, whenever possible, clearly and distinctly realize how 
much he neglects. The application of a correction, on the other 
hand, enables him to compete successfully with a tunnel of much 
larger dimensions, where the models have to be kept smaller than 
is really necessary because the testing engineer is ignorant of the 
necessary corrections. Here it becomes manifest that an able and 
well-informed engineer is able not only to increase the efficiency 
of his wind-tunnel in general, by selecting, arranging and inter- 
preting the tests, but even to increase the effective capacity of 
his tunnel. 

The question of the influence of the dimensions of the wind- 
tunnel is by no means difficult. I hope that this note will enable 
every wind-tunnel engineer to become sufficiently acquainted with 
the present state of this part of aerodynamics. There is a primary 
and a secondary effect. The theoretical flow of a perfect fluid 
inside a tunnel does not agree exactly with that in an unlimited 
space. The difference gives rise to a change of the pressures 
and of the air forces. In addition it gives rise to a change of the 
modifications of the theoretical flow caused by viscosity. This 
again changes the pressures and forces. Only on the former 


* Communicated by Dr. Joseph S. Ames, Director, Office of Aeronautical 
Intelligence, National Advisory Committee for Aeronautics and Associate Editor 
of this Journat. 
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vad 


influence is exact information available at present. This influence 
is by far the more important one in most cases. 

The modification of the results depends entirely on the ty; 
of tunnel, whether (a) the air current flows within a tube 
contact all around with the solid walls thereof, or whether 
the air current in the zone of testing is a free jet, in direct contact 
all around with air virtually at rest. The solid wall restricts : 
iree motion of the adjacent particles of air, reacting with suc! 
force as to constrain them to flow parallel to its surface, so that 
the velocity component at right angles to the wall is always ze: 
The motion of the free jet, on the contrary, is not direct), 
restricted, the surrounding air allowing any shape of the jet. The 
surrounding air, however, being at rest, exerts the same pressur: 
along the entire surface of the jet. Hence the motion inside th 
jet is determined by the condition that the pressure on the surface 
becomes constant. 

WING TESTS. 
For each of these two wind-tunnel types, the chief kinds oi 


experiments have to be investigated separately. The correction 
for wing tests in both kinds of tunnels has been given in a complete 


and correct form by L. Prandtl.!. I am afraid, however, that hi e 


5 


arguments, though absolutely clear and convincing to every matl« 
matician, will not be understood readily by many of his readers 
who are less mathematically trained. I proceed therefore to repeat 
the arguments in a much simplified way, making no use of a: 
vortices, but only of the chief characteristics of each aerodynami: 
flow, viz., its momentum and its kinetic energy. 

A wing moved through air produces a distribution of velocities 
having components in all directions. The investigation is simp!’ 
fied by considering separately the structure of the flow near thi 
wing and the general characteristics of the entire flow. Wit! 
respect to the flow near the wings it can be assumed that the veloc: 
ties have no transverse components, i.¢., parallel to the span « 
the wing, so that each longitudinal vertical layer of air remains 
plane. With respect to the general characteristics of the flow 
on the contrary, it can be assumed that the flow has no longitudina! 
component, so that all transverse vertical layers of air remain 


plane. The superposition of these two flows gives the final result 
with sufficient accuracy. 
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The flow surrounding the wing can not be directly influenced 
by the walls of the tunnel. The change of this flow is indirectly 
hrought about by the change of the general characteristics of the 
flow. Hence the present investigation has as its object the two- 
dimensional distribution of flow in the transverse vertical layers. 
Each particle of air in the layer is supposed to have originally 
no velocity components at all parallel to its plane. When approach- 
ing, passing and leaving the wing behind it, a transverse two- 
dimensional distribution of flow is gradually built up in each layer. 
The momentum of the air downward transferred to the layer 
with the thickness equal to the velocity V is equal to the lift L. 
The kinetic energy of the flow in this layer when finally built 
up depends on the longitudinal projection of the wing or wings 
and on the distribution of the lift over the wings. It may be 
denoted by P. This kinetic energy can be assumed to be concen- 
trated in a fictitious quantity of air Kp’, moving with constant 
downward velocity « and having the momentum L received from 
the wing. It will be noticed that K has here the dimension of an 
area, the area of the apparent mass of the front view of the wing. 
The induced drag has to absorb the energy P necessary to create 
the flow. This is expressed by the equations, 


u2 
P=KVp mY L=KVpu 


Therefore 


The resultant air force has the average inclination towards the 
vertical 


These conclusions remain correct whether the air current is 
unlimited or bounded by the walls of the wind-tunnel. In the 
latter case, however, the transverse flow is modified and hence its 
apparent area of mass K, too. The problem is thus reduced to 
the determination of the apparent mass K’ inside a tunnel, if the 
apparent mass K under the same conditions in unlimited air 
is known. 
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The exact solution depends not only on the area of the appa 
rent mass, K, but on the exact distribution of the lift and on the 


shape of the wind-tunnel section. For the present purpose, h«\ 


ever, it is exact enough to solve the problem for one particu!:; 
condition, chosen so as to make the solution as simple as possi}/e 


and to assume that the result holds good for any other case \ 


equal area K and area S’ of the wind-tunnel section. The pa: 
ticular problem, easy to be computed, is an arrangement of wine: 


like Venetian blinds, a multiplane, as it were, of an infinite num 


ber of wings, in front view in the form of a circle, and with such 


distribution of lift as to produce a constant induced angle 
attack. The diameter of the circle containing the wings may | 


the cross-section of the tunnel may be circular, concentric to the 
wing and having the diameter D. The final two-dimensional {\.\, 


is determined by its radial velocity components at the points 


the inner and outer circle. The latter is at rest, hence the radia! 
velocity at its points is zero. The inner circle moves with the 
velocity v, hence the radial velocity component at its points is 


v sin ¢, where ¢ denotes the angle between the radius of 
point and the diameter at right angle to the motion v. Le! 


- 
tne 


y 


denote the distance of any point from the centre. Then the fo 


under consideration has the velocity potential 
= —usine (+ Pe =f - ae 
, P-@' ypR_-e 
I prove this by forming the expression for the radial velocity co: 
ponent dP/dr 
ee ( @ 1 ¢&D 
¥ —"\P 2 whe 
Consider first the outer circle, and accordingly substitute 
equation (2) 4D for r. This substitution gives indeed 
dP 


— =o 


dr 
At the points of the inner circle, on the other hand, r= 4d. 11 
substituted in equation (2) gives 
dP 


— =using 


dr 


and thus the boundary conditions for the flow are shown to |x 
fulfilled. It complies in addition with the general, Laplace s, 


condition for the potential flow of a perfect fluid. 
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The same substitution in the expression for the potential (1) 
gives the potential at the points of the inner circle 


Sot? 


P= —usi ) 
snes Pa (3 


The kinetic energy of this flow has now to be determined. 
Since no fluid passes through the outer circle, this is done by inte- 
grating along the inner circle alone. The kinetic energy of the 


flow is in general 
p dP 
TSP ae (4) 


the integral to be taken along all boundaries. Herein, p denotes 
the density of the fluid, P the potential, dP/dn the velocity com- 
ponent normal to the boundary and ds the length of an element 
of the boundary. In this case, the element of the boundary has 


the magnitude 


I . 
ds=—-dde (5) 


The radial component of the velocity was u sin ¢. The potential 

was given in equation (3). Hence the integral assumes the form 

p wesy DP+é 
o 


2 D—e u? sin? ¢ d ¢ (6) 


> 


- 


and the kinetic energy results to be 


a a + & 
’ Pa 


“NI 


The entire apparent mass of the flow, including the fluid inside 
the inner circle, moving with constant velocity, is therefore 


_* ad 
2@ = (1+) 


Introducing now K, the area of apparent mass of the wings 
in an unlimited flow, that is, in this case K = 2d? 9 and S”’, the 


cross-section of the air current, in this case D? - , and expressing 
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d and D by means of K and S’, it results that the apparent mass 
of the wing is increased in the ratio 


5 tin 
i+ > K/S 


The induced angle of attack and the induced drag are inverse! 
proportional to this apparent mass. It follows therefore that in a 
tunnel with the cross-section area S’ the induced angle of attack 
and the induced drag are decreased in the ratio 


tos 

For a single wing in particular the area K is 6?~ where 
denotes the span. Hence then the induced drag and angle 0' 
attack observed in the closed wind-tunnel are smaller than | 


corresponding quantities would be in a tunnel of infinitely large 
dimensions and are decreased in the ratio 


I 
y 
2D 
I proceed now to the free jet. That flow is produced by pres 

sures over the wings only; there is no pressure difference at tly 
boundary of the jet. Hence the potential over the boundar) 
essentially identical with the impulsive pressure creating the flo\ 
is zero. The same method as before gives almost the same flow 
as before, only the sign of the second term of the potential 
is reversed. Hence the induced angle of attack and the induced 
lift are now increased in the same ratio 

1+ K/2S’ 
for any wing and in the ratio 

1+ #/2D 
for a single wing with the span b. 


‘+ 


PROPELLER TESTS IN CLOSED TUNNEL. 


The influence of the wind-tunnel walls on the result of pr: 
peller tests has been theoretically investigated by R. M. Wood. 
The results are not quite as completely and clearly brought out 
as Doctor Prandtl’s. They seem to be disfigured by some mis 
prints, and I am unable to bring the result as given analytical!) 
in agreement with his diagram. 
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Mr. Wood substitutes an ideal propeller with constant density 
of thrust per unit of propeller disc area and without torque for 
the actual propeller. I follow him herein. The air is now 
accelerated in direction of its original motion. Therefore the 
momentum is not distributed over the entire air, but remains con- 
centrated in the air passed through the propeller disc. When 
passing the propeller disc it has already received half the increase i= 
of velocity. Let the velocity of flight be V and the final velocity 

of the slip stream be v. The velocity with which the air passes 


La OTR A race 


through the propeller disc is then lV - = (relative to the pro- 
peller) and hence the mass of air passing it per unit time is 
S(V + 4v)p, where S denotes the propeller disc area, D? : and 
p the density of air. The final increase of momentum per unit of 
time, equal to the thrust is T=Sv(l + }v)p. This gives a 
quadratic equation for v. Let C; be 

T 


spt 
2 


Cr= 
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then the equation gives 
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, a I . 
o/VevitCr—-1-— Cr, 


if C; is very small. 

In many practical cases C7 is not small enough for the use 
of the approximate expression. Suppose now the propeller to be 
surrounded by a coaxial cylindrical tube representing the tunnel 
as shown in Fig. 1. The length of the tube is supposed to be 
large, but still finite, so that in front of it and behind it the flow 
occupies the entire space. This tube in addition is supposed to 
transfer no momentum to the fluid. Its wall being parallel to 
the motion in all points, this is almost a matter of course. The 
ends, however, in this hypothetical case of a perfect fluid, even 
when infinitely thin, are able to transfer finite longitudinal forces 
since the velocity near the edges and hence the pressures may 
become infinite. It is supposed that these forces acting on the 
edges neutralize each other. This requires equal edge velocities 
at the entrance and at the outlet, and this again requires, approxi- 
mately at least, equal velocity differences inside and outside the 
tube at both its ends. 
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The tube transferring no momentum to the fluid, the arg: 
ments used before for the propeller in the unrestricted air rem: : 
entirely unchanged. The original velocity V’’ in the unrestricted 
space, the slip stream velocity v, and velocity with which the ai: 
passes the propeller and the propeller forces are exactly the sani 
as before. The whole configuration of the flow, however, |i; 
been changed. The original and the final velocity occur 01) 
outside of the tube and hence are farther removed from the pr. 


i 
peller. Inside the tube these velocities cannot be found. | ee 
longer the tube is, the longer is the path at the points of whic! : y 
the air has already begun to change its velocity, but has not y«: : 


Fic. 1. 1 


Slip stream transfigured by a tube. 


attained to its final velocity. This not only refers to the 
passing through the propeller disc and receiving momentum, |v! 
also to the air inside the tube surrounding the slip stream. 1 }1:- 
air has a velocity inside the tube different from the original a1! 
final velocity. If the tube is long enough, the flow in front 
and behind the propeller attains to steady conditions, flowin: 
with constant velocity and pressure parallel to the axis. Neithe: 
this velocity nor that of the slip stream inside the tube agr 
however, with the final velocities. 

The portion of the configuration of flow outside the tulx 
only fictitious and does not exist with an actual wind-tunnel. |! 
problem therefore arises to determine the original velocity 
from the observed data of the test, since this velocity V’ corr: 
sponds to the velocity of flight under which the propeller is su) 
posed to work. The area of the propeller disc S and | 
cross-section of the wind-tunnel S’ and the thrust T are suppose! 
to be determined. In addition the velocity of the flow must ha 


been measured at one point at least. It is most convenient ' 
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determine it far in front of the propeller, as there the flow is 
smooth and not disturbed. The velocity there may be denoted by 
|. In the plane of the propeller disc, outside of it, the remaining 
— cross-section is narrow and the measurement of the velocity 
' difficult, this the more so, as the propeller is not an ideal one and 
| the velocity in this cross-section hardly quite constant and without 
© fluctuations. I assume now that the change of all velocities 
brought about by the walls of the tunnel is small when compared 
| with these velocities themselves. The change of the slip stream 
contraction is then small, too, when compared with the contraction 
itself. This assumption leads to results exact enough for the prac- 
tical application. In addition this proceeding can be considered 
as the first step to a more exact computation. From this assump- 
tion, it follows that the air inside the tunnel, not passing through 
the propeller disc, flows through the cross-sections 


(a) far in front of the propeller: S’-— S$ (1 - ia ) 


(b) in the plane of the propeller: S’-— S 
(c) far behind the propeller : S’- S$ (1 - > ) 


Its average velocity (b) in the propeller plane being denoted by 
I’, the velocity in front of and behind the propeller would resu't 


ss’ -S . : Ss -—S 
— 7; Mig = Voy ma 


‘(b) i S Sat v 7 = 7 - 
Foss S) <3) 


Outside the tube the velocity is V’. But as demonstrated before, 
the velocity difference inside and outside the tube is equal at 
both ends. This gives the condition 


= W 


We = V’ 


since —, is a small quantity and it appears the simple result: 


The average velocity in the propeller plane outside the pro- 
peller dise agrees with the fictitious velocity of flight. { 

The problem would thus be solved in the simplest way. But 
as mentioned before, it is not always practical to measure the 
velocity very near to the propeller. It remains therefore to find 
a simple relation between the fictitious velocity of flight V’ and 
the velocity V far in front of the propeller. That is now easy 
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enough. The velocities / and V’ are inverse as their cross 
sections S’-S(1 + +) and S’—S, hence 

Ss -S es j » Ss 
s-s(1+3 pita sos)-"(1+ a7 5) 


2V 


V=V 


or the magnitude of v substituted 

V’~ v( 1+ >(v 1+ Cy- 1) =) 
That is the formula which I wished to obtain. For very smal! 
values of C, it becomes 


a ia Cr $s 
vev(s4+—2s 


but in practice C; is often not small enough for the application 
of this simplified formula. 


Mr. Wood obtains the final approximate formula 


v’ T 
—— 2 
: V 55X pa;V? 


where a; denotes the cross-section of the slip stream and \ its 
ratio to the cross-section of the wind-tunnel. If we assume two 
misprints and write instead of this formula 


re 


= .55X oa,V2 


Mr. Wood’s formula almost agrees with the one obtained |) 
myself for small thrust coefficient C;. 


PROPELLER TESTS IN A FREE JET. 


With propeller tests in a free jet no correction of the velocity 
is necessary. The surface of the jet is a surface of constant 
pressure, hence the cylindrical parts of the flow far in front and 
far behind the propeller have the same pressure. Therefore th: 
arguments used for the propeller in unrestricted air remain quite 
unchanged. The velocity far in front of the propeller is direct!) 
identical with the fictitious velocity of flight. The contraction 
of the slip stream remains unchanged too. The exact shape of tlic 


slip stream is slightly changed, but this has no noticeable effec! 
on the air forces in general. 
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WIND-MILL TESTS. 


The arguments used for propellers are good for wind miils, 
too. Wind-mill tests in a free jet are in no need for a correction. 
The fictitious velocity of flight for wind-mill tests in a closed tun- 
nel with the velocity V far in front of the wind mill is 


- , oe 
vi=t (1 ed =) 
as before. 
With wind mills v/V is negative and has the value 


=1-VitGy 


Vy 


Hence 
v= v(1- Swit G-»)) 


or approximately for small thrust coefficient C,. 


CONCLUSION. 


The investigation thus finished showed that the open jet 
decreases the angle of attack of a wing and hence its lift, increas- 
ing the drag. It has no noticeable effect on the results of the other 
tests mentioned, unless the models are exceedingly large. The 
closed tunnel increases the angle of attack of a wing, thus increas- 
ing its lift and decreasing its drag. The velocity measured far 
in front of the model is too large with propeller tests and too small 
with wind-mill tests. Formulas giving the necessary corrections 
are given in each single section. 


REFERENCES. 
*L. Prandtl: “ Applications of Modern Hydrodynamics to Aeronautics,” Sec. 
F., N.A.C.A., Report No. 116. 
*R. M. Wood: “Some Notes on the Theory of an Air Screw Working in a 
Wind Channel,” British A. C. A., R. and M., No. 662. 


A Theory of Meteors and the Density and Temperature of 
the Outer Air to Which it Leads. F. A. LInpDEMANN and G. M. B. 
Dosson, University of Oxford. (Proc. Roy. Soc., A 717.)—“A 
meteor is an extra-terrestrial particle which enters the air at high 
speed, it becomes visible (owing to collision of the fast vapour mole- 
cules with air molecules) when its surface becomes hot enough to 
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evaporate appreciably, and it disappears when it has evaporated prac- 
tically completely.” “ All meteors move at a speed great compare: 


to the velocity of sound.” The meteor strikes the earth’s atn 


pheric envelope and upon reaching air of a certain density it for 


in front of it a cap of condensed air, heated adiabatically }) 


compression. There is an influx of heat from this cap to the materia 


of the meteor whose temperature rises until vapor is given off. 
The authors show that it is possible to give equations connec: 
the various quantities concerned in the result and that these equat 
are not so replete in inaccessible quantities that no definite deduct 
can be drawn. On the contrary quite definite and astonishing 
clusions are reached when the equations are applied to the obse: 
data of meteors. “ The heights, paths and velocities of some ¢! 
sands of meteors have been observed. They appear, in genera! 


heights between 1.6.10’ and 7.10° cm., and disappear at heights be! | 


1.2.107 cm., mostly at about 8.10°, though some, of course 
so-called meteorites) reach the ground. Velocities from 9.5.1 
1.6.10" cm./sec. have been recorded.” 

The mass of a meteor can be computed from the equations 
meteor traversing a distance of 6.10° cm. in 1.5 seconds, “ and ap). 


ing at a distance of 1.5.10° cm. as bright as a first-magnitude star’ 
will have a mass of 6.25.10°% gram. If it is made of iron, i 


diameter is one-ninth cm. 


The most surprising deductions are those relating to the te: 


perature and density of the air at high altitudes. “ Some thirty \: 


ago Teisserenc de Bort announced the discovery that the temperatur: 


gradient in the atmosphere, which amounts to some 6.5.10~ degr 


cm. for the first to km., becomes negligibly small at greater hei!) 


Since this time it has become usual to treat the temperatur: 
constant for all heights above this limit, and various detailed nume: 
estimates, extending to heights of hundreds of kilometres, have | 
published, which are based on this assumption. So far, howeve: 


evidence for it has been adduced beyond the ‘ ballon sonde’ observa 
tions, which scarcely extend above 25 km.” It is shown “ that ex's! 
ing observations enable us to say with considerable certainty that the 
density at heights above 65 km. is very much higher than is common! 


supposed, and that the temperature must increase from its valu: 


something like 220° abs. at heights between 12 and 50 km. to son. 


thing like 300° abs. at those heights.” This difference of den 


S 


is no small matter for at 150 km. it is calculated to be rooo tinx 
as great as it has been believed to be. The higher temperature «' 
great heights is explained by the importance of ozone in the oute! 
portions of the atmosphere. These new results will need to | 
regarded in forming theories of the aurora, for at the lower lim’ 
of this the density now comes out 100 times as great as it was he!’ 
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AN IMPULSE ELECTRIC MOTOR FOR DRIVING 
RECORDING INSTRUMENTS.* 


BY 


W. F. JOACHIM, B.Sc., M.E. 


Langley Memorial Aeronautical Laboratory. 
SUMMARY. 


Tue chief purpose in undertaking the development of this 
synchronous motor was the creation of a very small, com- 
pact power source, capable of driving the film drums of the 
recording aircraft instruments designed by the staff of the 
National Advisory Committee for Aeronautics. 


The working parts of the motor are few and simple. They 
consist of four spool type field coils, a reciprocating armature, 
a ratchet wheel and two pawls. The field coils, operating in pairs, 
alternately pull the armature from one pair of pole faces to the 
other pair. This reciprocating motion is transmitted to the ratchet 
wheel through the two pawls, motion in either direction producing 
a positive advance of the wheel. Rotation of a very regular 
character is thus secured. 


The motor is 134 inches long, 1; inches wide and % inch 
high, with a volume of 1.43 cubic inches, and a weight of .165 
pound (75 gms.). It produces approximately 6.0 x 10° H.P., 
with an efficiency of 1.0 per cent. The speed range is from 
0 to 35 R.P.M., the torque being .234 pound-inch (269.6 g.-cm.) 
at the lower speeds with 8 volts applied. 


Due to its small size and light weight, its inherent slow speed 
and property of absolute synchronization, the motor is particu- 
larly well adapted to aircraft instrument work. Application of 
this type of power source may also be made to automatic recording 
instruments of all kinds, to indicating devices requiring absolute 
precision of movement, and to remote control work. 


* Communicated by Dr. Joseph S. Ames, Director, Office of Aeronautical 
Intelligence, National Advisory Committee for Aeronautics and Associate 
Editor of this JourRNAL. 
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INTRODUCTION. 


The specific problem which was responsible for the develop 
ment of this direct current synchronous motor, was that of driving 
the film drum of an instrument called the sun kymograph. 

The requirements of this instrument are four-fold: First, the 
drive must be slow speed; second, the rotation must be unicorn 
and regular ; third, the part of the drive attached to the instrumen 
must be small, compact and light in weight; and fourth, the 
necting link between the instrument and airplane must be flexi)le 

To meet these requirements three forms of mechanical drives 
and two types of small electric motors were investigated and tric: 


METHODS AND APPARATUS. 


The mechanical drives investigated consisted of flexible calles 
which received their power from a constant speed motor mounted 
on the floor of the airplane. These cables drove the kymograph 
film drum through a small clutch attached to the instrument. 

The three forms consisted, first, of a solid wire enclosed i: 
flexible housing; second, of a standard Van Sicklen tachometer 
cable and housing, and third, of a double opposed spring cable 
( Van Sicklen), without a housing, but guided at intervals by rings 

The results obtained with these drives were unsatisfactory 
Due to the slow speed required, which caused a spasmodic stick 
ing and releasing of the cable within its housing or guiding rings. 
all three types imparted a very irregular rotation to the filn 
drum. The flexibility of these drives was also inadequate for the 
work involved. 

The first type of electric drive investigated was a |oy 
frequency alternating-current motor. This was built very much 
like a standard direct-current telephone relay. It depended {o 
its action on the cyclic attraction of a small laminated bar armature 
to and from a pair of spool type coil magnets. A spring paw! 
transmitted the reciprocating motion of the armature to a 
ratchet wheel. 

A second form of alternating current motor, similar in co 
struction and principle to the polarized relay or the alternati: 
current bell ringer, was also investigated. As in the first form 
of this type of motor, a pawl transmitted the oscillating motion 0 
the armature to a ratchet wheel. 
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Both of these motors operated fairly well with very light loads. 
But a load equal to that of a film drum retarded the armature 
sufficiently to destroy the synchronism between armature and mag- 
netic flux. 

In the second form of motor, it was particularly noticed that 
the frequency of the alternating current had to coincide exactly 
with the natural period of the oscillating parts for the motor 
to function. Also the starting torque of the motor was very low, 
and the efficiency of both motors was less than one-twenty-fifth 
of one per cent. Hence these two electric drives were also inade- 
quate and unsatisfactory. 

The second and successful type of electric drive investigated 
was built much like a standard telephone relay, but had double 
opposed electromagnets. These alternately pulled the armature 
from one pair of pole faces to the other. This reciprocating 
motion was transmitted to the ratchet wheel through a pawl, power 
being directly imparted in only one direction. 

This form of motor gave a somewhat intermittent rotation, 
there being sixty separate impulses for one revolution of the 
ratchet wheel. 

The final form of the motor, however, utilizes the motion of 
the armature in either direction to give a positive advance to the 
wheel. This was accomplished by two pawls acting on opposite 
sides of the ratchet wheel as shown in Figs. 1 and 2. The 
rotation secured in this manner is very regular, there being 480 
continuous and connected power strokes for one revolution of 
the wheel. 

Since it may not be fully apparent, from the foregoing brief 
description, how a reciprocating armature can impart definite 
unidirectional power strokes to a ratchet wheel a detailed descrip- 
tion of the operation follows. 

Referring to Fig. 2, it will be seen that the ratchet wheel 
rotates about a vertical axis passing through the centre of the 
motor; also that it lies above the field poles and reciprocating 
armature, and between the two pawls, which latter are mounted 
in brackets at either end of the armature. The armature is 
supported by two leaf springs fixed in the base and is returned 
by these springs from either pair of pole faces to a neutral 
position half-way between them. 

Vor. 196, No. 1172—16 
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The moving parts of the motor consist of the armature, the 
two pawls and the ratchet wheel. There are no connecting rods or 
bell cranks. 


Fic. 2. 


—_—— —— Ba 
<— —_— 
Armature Reciprocation 


Diagrammatic drawing of direct current synchronous motor. 
I, vertical shaft; 2, ratchet wheel; 3, pawl A; 4, pawl B; 5s, pawl brackets; 6, armature; 


Preppy 8, base; 9, field coils; 10, field poles; 11, left electromagnet; 12, 

Assuming now the left electromagnet to be energized, the 
action from the neutral position is as follows: 

The armature is pulled to the left until it reaches the pole 
faces of the left electromagnet. During this motion, pawl A has 
rotated the wheel clockwise one-quarter of a tooth. At the same 
time pawl B has ratcheted back in a counter-clockwise direction 
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one-quarter of a tooth and has dropped into position behind tiie 
tooth over which it has just moved. The armature is now jn 


position for a complete power stroke from left to right. 

Assuming the left electromagnet to be de-energized, the arma 
ture springs start to return the armature to the neutral position 
This action does not rotate the wheel under load but serves on\ 
to take up the slight play between pawl B and the three teeth 
of the wheel on which it is now exerting some pressure. 

Approximately one-sixtieth of a second elapses during th: 
above action, after which the right electromagnet is energize:! 

The armature is now pulled to the right until it reaches tl: 
pole faces of the right electromagnet. During this motion paw! 8 
rotates the wheel clockwise, as before, one-half a tooth. At the 
same time pawl A is ratcheted counter-clockwise also a half tooth 
Since the wheel has been rotated clockwise a half tooth and paw! 4 
moved counter-clockwise a half tooth, it. will be seen that the 
relative motion between the two is equal to a whole tooth. 

Therefore, pawl A drops into position behind the tooth over 
which it has just moved. Thus the power stroke has been com 
pleted and the armature brought into position for the following 
stroke from right to left. 

The sequence of operations from right to left are exact!) 
the same as those from left to right with the one exception that 
pawl A now rotates the wheel, while pawl B ratchets into positio: 
over another tooth. Hence the power strokes proceed from 
right to left and from left to right, the wheel always being 
rotated clockwise. 

Since it requires two strokes of the armature to mov 
wheel one tooth, and since the wheel has 240 teeth, it requires 
480 power strokes to rotate the wheel one complete revolution 
Hence the inherent slow speed of the motor. 

The maximum air gap required in this motor between th 
armature and either pair of pole faces is very small, actually about 
.008 inch. This gap varies in operation from .008 inch to zero, 
so that the average gap is only .004 inch. Hence the efficiency © 
the magnetic circuit is high. This is accomplished by using 
ratchet teeth of small pitch, and by the fact that a complete power 
stroke requires an air gap of only one-half the tooth pitch. 
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Referring to Fig. 3 it will be seen that the magnetic pull 
between two plane surfaces which are separated by small air gaps 
is neither inversely proportional to the gap nor to the square of the 
gap, but follows a law of the following form: F=C-—C,X + 
C,X?—C,X* +. In this equation F is the magnetic force or pull ; 
C, Cy, Cz and C, are constants determined by the size and shape 


FIG. 3. 


Moons —_— 
Method used in Force- Experimental Data | 
Gap Determinations. 


Air Gap in | Magnetic | 
| _/nches (x). Force (F). 
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Magnetic force variation for small air gaps. 


of the poles faces and by the total magnetic flux; and X is the 
gap between magnet and armature. 

It was found that the magnetic pull in this motor at zero gap 
was I150 grams (2.54 lbs.) and at .oo8 inch gap, 550 grams 
(1.21 lbs.). The armature springs therefore were designed to 
equalize this varying magnetic force so as to give a pull of 850 
grams (1.87 Ibs.) throughout the whole power stroke. Thus the 
springs store 3.05 cm.-g. (.00264 in.-lb.) of energy during the last 
half of each power stroke and return it during the first half of the 
following power stroke. 

The alternate energizing and de-energizing of the left and 
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right electromagnets is accomplished by a distributor driven | 
a constant speed motor in an average case at about 720 R.P.\| 
This distributor makes and breaks the electric circuit for each 
electromagnet of the motor once for each revolution. Hence a 
720 R.P.M. of the distributor the motor armature has trans 
mitted 1440 power strokes to the ratchet wheel, thus producing 
a motor speed of three revolutions per minute. This speed is 
readily controlled so that a range of from zero to 16,800 power 
strokes per minute may be realized. This gives a motor spec 
range of from zero to 35 R.P.M. 

By the use of this method of commutation, and speed contro, 
it will be seen that absolute synchronism between any number 
of motors is readily obtained by merely taking their current supp!) 
from the same distributor. Thus any number of instruments 
may not only be operated in absolute synchronism with each other, 
but, if the distributor be chronometrically controlled, absolute 
speed regulation and timing may also be realized. 

The performance of the motor in a complete laboratory test 
proved entirely satisfactory. This test was conducted to deter 
mine, first, the complete speed range; second, the maximum 
torques; third, the effect of varying the distributor-commutator 
time-contact ratios; and fourth, the current consumed under th: 
different conditions. 

The time-contact ratio, as here used, means the ratio of the 
time the motor is cut in circuit to the time the motor is cut out of 
circuit. The time-contact ratio is taken over two complete power 
strokes or one revolution of the distributor-commutator. This 1s 
also called a cycle and the amount of actual contact is determined 
by the number of degrees of commutation per cycle. 

It will be readily understood that to obtain the best efficienc) 
from the motor, the current supplied through the distributor 
commutator should be cut out the instant the armature has 
completed its power stroke. In order to accomplish this result, 
without any complication, the correct length of the distributo: 
commutator segment, which makes and breaks the circuit and 
thus produces a power stroke, was determined in this test for al 
speeds and torques. 

The data obtained are tabulated in Table I. Curves showing 
the torques in gram-centimetres, speeds, degrees of commutation, 
efficiencies, current consumed in amperes, horsepowers and th 
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number of armature reciprocations per minute are plotted on 
curve sheet Fig. 4. 

Thus, following the dotted lines, starting at 10 or 20 R.P.\., 
we may find the other characteristics of the motor for any specific 
number of degrees of commutation per cycle. 
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Performance chart of type “‘B” direct current synchronous motor. 


RESULTS. . 


The new type of power source for aircraft instruments has the 
following specifications : 

(1) Size: Length, 134” (3.49 cm.); width, 1°/1« (3.02 cm.) ; height 

(2.22 cm.). 

(2) Weight: 75 gms. 

(3) Speed range: o to 35 R.P.M. 

(4) Current consumption: 0.1 to 0.9 amperes at 8 volts. 

(5) Torque (max.) : 269.6 g.-cm. 

(6) Power (max.): 6 x 10° H.P. 

(7) Efficiency (max.): .99 per cent. 
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As it may be interesting to compare the impulse motor with 
the D.C. governed series motor (Fig. 5) now used in the 
instruments of the committee, the following table is attached: 
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D.C. governed series motor. 


Size: 2.5" (6.35 cm.) x 2.5’" (6.35 cm.) x4.2” (10.67 cm.). 
Weight: 750 gms. 

Speed range: 500-2500 R.P.M. 

Current consumption: Normal, 1.75 amps. at 8 volts. 


Current consumption : Starting, 10.5 amps. at 8 volts. 

Power (max.) at 1080 R.P.M.=.0051 H.P. 

Power (max.) at 17900 R.P.M. = .0054 H.P. 

Efficiency at 1080 R.P.M.= 12.7 per cent. 

Efficiency at 1790 R.P.M. = 18.8 per cent. 

Torque required to turn standard film drum with no reduction gearing 
varies from 27 g.-cm. to 270 g.-cm. 

Efficiency of combined system of this type of motor and gearing when 

driving a good drum = .007 per cent. 
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The advantages of the impulse type of motor for instrument 
work are: 

(1) Size and shape permit easy installation in the instrumen: 
base, thus providing space for additional apparatus, or making 
possible a material reduction in the size of the instrument. [rs 
volume is 1.43 cubic inches. 

(2) Light weight. 

(3) Inherent low speed. 

(4) Low current consumption, thus decreasing the number 
storage batteries necessary for average flight work to approx: 
mately 40 per cent. of the present requirement. 

(5) Constant torque at the speed range used. 

(6) High efficiency for its size. 

(7) Absolute synchronism or zero speed variation between 
any number of like motors. 

(8) Normal speed instantaneously on closing the switch. 

(9) Dead stop instantaneously on opening the switch 

(10) Remote control of speed of all motors in operatic: 
from the distributing source. 

(11) Long life due to low-bearing pressures. (1) [aw 
bearing pressure 300 lbs./sq. in. (2) Main-bearing pressur: 
Ibs./sq. in. 

(12) Low construction cost due to: (1) Few parts; (2 
spool type coils; (3) elimination of rotating contacts and brushes 


Italy Searching for Oil.—The “ Drang nach Osten” was orig! 
nally a pressure for many commercial advantages, but of late the main 
object of the great nations in securing opportunities in the East is ' 
control the oil-fields. Great activity is now evident in the exploratio: 
of all regions that may yield this liquid, which has become important 
in peace and war. From a recent issue of the Bollet. Chimico-Fary 
ceutico (1923, Ixii, 195) it is learned that Italian authorities ar 
aroused to the necessity of securing oil-fields and have begun exper 
mental borings within their own territory. A committee of geologist 
has been appointed to conduct the investigations. Some small sources 
of oil already exist. Apparatus for deep borings was obtained from 
Germany through the reparations agreement. One boring made in 
1921 reached a depth of 479 metres (about 1600 feet) from which a 
yield of about 200 gallons per day has been obtained. In other regions 
surface indications of oil and of gas have been detected. A school for 
instruction in oil exploration has been organized. H. L 
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MOTION PICTURE PHOTOGRAPHY FOR 
THE AMATEUR.* 


BY 


C, E. K. MEES, D.Sc. 


Director, Research Laboratory, Eastman Kodak Company, 
Associate Editor, Member of the Institute. 

AMATEvRS have played a great part in the development of 
photography. The early workers in photography were naturally 
amateurs, though the first successful process, that of Daguerre, 
was utilized chiefly for making portraits and was the process first 
used by professional photographers. While Daguerre’s process 
was being exploited, however, Fox Talbot discovered his process 
in which a negative was made and then printed, the practice fol- 
lowed at the present time, and in which the exposure, insufficient 
to produce a visible image, was followed by development to obtain 
a negative of sufficient strength for printing. Talbot, in fact, 
laid the foundations for our modern systems of photography. 
Scott Archer, the inventor of the wet collodion process, which 
followed the calotype process of Fox Talbot, and Doctor Maddox, 
who made the first gelatin emulsion, were both amateurs, and 
all the early work on dry plates was done by amateurs until about 
1880, when the manufacture of dry plates on a commercial scale 
was fully established. 

Important as was the work of amateurs, however, the possi- 
bilities of amateur photography were necessarily limited by the 
very cumbersome equipment which was required for the wet 
plate process, and even when dry plates became available, the 
portability of apparatus and the simplicity of photography were 
very far from their present level. Marked as has been the 
improvement in apparatus for the utilization of dry plates, the 
greatest step in the making of photography available to everybody 
was the development of the film camera by George Eastman. 


° Presented at a meeting of the Sections of Physics and Chemistry and 
Photography and Microscopy of The Franklin Institute held Thursday, 
February 1, 1923, and published as Communication No. 170 of the Research 
Laboratory of the Eastman Kodak Company. 
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The causes that restricted the use of photography by amateur; 
before the coming of the kodak have operated to Timit, the use 0 
motion picture photography by other than professional photogra. 
phers. The apparatus required is very heavy and cumbersome: 
the standard motion picture camera, tripod, and magazine form a 
heavy load for one man, and in addition the cost of the film i 


Front of the Cine Kodak. 


very great. The cost of making a negative and projecting the 
picture upon the screen is approximately fifteen cents for each 
foot of film, which in projection lasts one second on the screen. 
Motion pictures are obtained by making a series of photo 
graphs of the object upon a long strip of film, each picture being 
a representation of the object at one particular moment. Sixteen 
of these pictures are taken every second, and when they are 
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projected upon the screen, the different phases of movement blend 
together and give the appearance of motion. The film is held 


FiG. 2. 


Back of the Cine Kodak. 
stationary while the picture is taken or projected and then is 
moved forward very quickly to a new position and is held still 
again, so that sixteen times a second the film is moved forward, 
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and sixteen times a second it must be stopped. This movement 
is accomplished by what is called the “ intermittent ” mechanism in 
the camera or projector, the film being pulled down by claws 
which catch in the perforations, pull it down into its new positio: 
by the height of one picture, and then come out of the perfora- 
tions again, leaving the film motionless until, as the movemen 
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Crank side of the Cine Kodak. 


of the mechanism continues, they re-engage and pull the film dow: 
again. In projectors, a sprocket with teeth on it instead of claws 
which engage in the perforations, is sometimes moved interm:! 
tently to pull the film down. 

The whole system of amateur motion picture photograph) 
which has been worked out by the Eastman Kodak Company 's 
founded on film smaller than that used in the standard camera 
and on a new process used in finishing it, but of almost equa! 
importance is the design of the apparatus in which the film is used 
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“ 


The camera was designed and built in the instrument shop of 
our optical factory and is, on the whole, of standard type. It 
resembles, in fact, a standard motion picture camera of the high- 
est grade, but in amateur size. No attempt has been made to 
cheapen the camera by the omission of any necessary feature or 
by any undue simplification. Our object was to produce an instru- 
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Mechanism with the door removed—with film. 


ment which would take pictures equal in every respect to those 
which the professional could obtain. The lens is a kodak anastig- 
mat working at f/3.5, which enables photographs to be taken 
under the worst conditions of light. The finder is just above 
the lens (Fig. 1) and by an ingenious attachment changes the posi- 
tion of its image as the lens is focused, thus always showing the 
image in the correct position. The lens has a focusing lever car- 
ried through to the back which can be focused for any distance 
from infinity to four feet. The diaphragm control is in the left- 
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hand corner and can thus be read easily. In the centre of the back 
is the footage indicator which shows the number of feet of film 
which have been used (Fig. 2). The crank is put out of the way 
into a recess when not required (Fig. 3). It is turned normal\, 
twice a second, taking pictures at the standard rate of sixteen 
pictures a second. The mechanism is of the standard moti 
picture type (Fig. 4), the film being pulled down by means 0: 
claw operated by a cam mechanism. 

In order to load the camera, the film spool (Fig. 5) has 
outer cover removed and is then placed on the upper spindle p: 


Fic. 5. 


Film spool. 


vided for it. To the film there is attached a paper leader of the 
same width as the film and perforated in the same way. Two 
feet of this are pulled out and are threaded over the sprocket 0: 
the camera on to which it is held by a presser plate, dow! 
through the gate, where the claws engage in the perforation, a 
loop being formed above the gate, as is indicated on the camera 
mechanism, through another loop, which is also indicated, back 
under the sprocket, and thence to the bottom spool, in which the 
end of the paper is inserted, and a few turns made to ensure 
everything being right. The inner cover is then removed from 
the spool, the film being protected for a few seconds only by the 
paper leader. The door is placed on the camera, and the four 
remaining feet of paper leader are run off. The footage indicator 
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at the back of the camera is then set at zero, and the camera 
is loaded ready for use with 100 feet of film. After all the film 
has been exposed, cranking is continued for five more feet, thus 
winding up another paper leader on to the exposed film. The 


Fic. 6. 


Cine Kodak on its tripod. 


camera door can then be opened, the covers put on the spool of 
exposed film, and the spool removed and sent to the Kodak Com- 
pany for development. 

It is proposed to supply the camera either for use with the 
hand crank or with an electric motor attachment by which it can 


be cranked by the aid of a storage battery of very small size 
Vor. 196, No. 1172—17 
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carried by the user. 


intended that the tripod head should be used to produce pano: 


Fic. 7. 


Kodascope projector. 


pictures by rotating while the camera is being cranked. | 

extremely difficult to do this smoothly, and the result when 
obtained rarely gives a pleasing impression when projected. 
rotating head is necessary to enable the camera to be moved 11 
direction rapidly in order to follow objects in the field. When 
the camera is used with the electric motor, it is not necessary 
to use a tripod, though it is convenient to rest the camera upon 


When cranked by hand, the camera is used 
on a special tripod made to be as-light and yet as rigid as possil.'e, 
the tripod head being made to rotate and to move in a vertical 
direction for the convenience of the operator (Fig 6). It is not 


mic 
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something, and for this purpose a simple walking stick has been 
devised with a screw which fits into the tripod stick of the camera. 


Fic. 8. 
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Kodascope with lamp house open. 


This makes it possible to rest the camera and hold it steadily 
by the hand. The weight of the camera loaded is eight pounds; 
with the motor, ten and one-half pounds. The weight of the 
storage battery is two and one-half pounds, and of the tripod with 
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its special head, nine pounds. The camera on the tripod thus 
weighs seventeen pounds and the motor-driven camera with the 
storage battery, thirteen pounds. After the film has been devel- 
oped, the positive is ready for projection. 

The projector, which is called by us the “ Kodascope,” is, like 
the camera, a standard projector of the highest grade with such 
changes as are necessary to make it suitable for use by amateurs 
and for the small film (Fig. 7). The mechanism is of the same 
claw and cam type as the camera. The film, which is usually 
assembled in 400-foot reels, which are equivalent to 1000-/oot 
standard reels and last for sixteen minutes on the screen, is placed 
on the upper shaft and the film is threaded on to an upper sprocket 
the lower sprocket to the take-up reel, which is placed on th 
bottom shaft. The Kodascope is driven by a motor, and the 
light is supplied by a mazda lamp through a condenser which is 
attached just behind the gate. The lens is of very high aperture, 
specially designed and built by us, and has a focusing mechanism 
of a convenient type. This high aperture lens and efficient con 
denser system give a bright image on a screen with a smal! lamp, 
and for home use the apparatus is arranged to give a satisfactorily 
bright screen of 4% feet in width, the two standard sizes | 
screens for home or classroom use being 30” x 40”, which is larg: 
enough for the ordinary room, and 40” x 54”, which is preferab: 
for very large rooms or classrooms. By changing the lamp hous 
and attaching a more powerful lamp with a special condenser sys 
tem, a school can use a seven-foot screen and obtain amp! 
light on it. 

The Kodascope is entirely automatic in its operation. Once 
a film is threaded, there is no need to go near the machine unt! 
the film is exhausted, so that the operator is quite unnecessar) 
and the user can sit at ease among his friends while his pictures 
are being shown. The machine uses a lens of two-inch focal length 
and fills the 30” x 40” screen at eighteen feet distance and the 
40” x 54” screen at twenty-four feet distance. The weight 0! 
the Kodascope projector with its motor ready for use is twenty 
three pounds. 

The quality of the picture depends upon three points: | he 
optical perfection of the systems used in the camera and projector, 
on which depends the sharpness of the pictures that are taken. 
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the mechanical perfection, on which depends the steadiness of the 
pictures on the screen; and the photographic quality of the emul- 
sion and the process used, on which depends the faithfulness with 
which the brightnesses in the light intensities in the original 
pictures are reproduced and the consequent fidelity to nature 
and also the appearance on the screen as regards any structure 


or graininess. 
Now, when a small film is used for amateur photography, the 


FIG. 9. 


On left, small image marked A; on right, enlargement of small image to 55 diameters 
showing graininess. 

accuracy required on all these accounts is increased, although 
fortunately the strains both on the film and on the mechanism are 
decreased. The lenses must be of the highest quality, since the 
small pictures will be enlarged to a greater degree than big pic- 
tures and must consequently be sharper. The mechanical accuracy 
must be higher, since any failure in perfection of register will be 
perceptible. The photographic quality must be at least as good 
if the user is to be satisfied with the result he is to get. 

A number of inventors have designed cameras and projectors 
for amateur use in which the pictures were much smaller than 
those used on the standard film. The chief difficulty which is 
introduced when small pictures are used is the graininess which 
such a small picture shows when it is enlarged upon the screen. 
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A photographic image of any kind is composed of small clumps 
of the microscopic silver grains, and when it is very much enlarged 
these clumps show and give a structure to the image. In Fig. 9 
we see at the left, at 4, a very small image, and on the right the 
same image enlarged fifty-five diameters. It will be seen that the 
detail of the image is entirely lost owing to the graininess shown 
The graininess in ordinary motion pictures is very slight but is 
visible when the observer stands close to the screen, and it is 
clear that if much smaller pictures are to be used and enlarged 
to the same size on the screen, the results would be great) 
inferior to those obtained by the use of standard apparatus and 
that unless something can be done to diminish the graininess, the 
results would not be satisfactory in comparison with the pictures 
shown at the theatres. Moreover, even when a smaller film is 
used the cost, although diminished, is still high; a negative must 
be developed and a positive printed from it. This printing requires 
very skilled work. It is rare in standard motion picture practice 
for the first print from a negative to be entirely satisfactory, and 
to get a single print of high quality from every negative would 
be very difficult.. The use of a small film treated like the regular 
film would, therefore, present two difficulties—high cost or low 
quality of results and the graininess of the image 

The ideal process for amateur use would clearly be one in 
which the original picture was available for projection on to the 
screen. In still photography it is an advantage to make negatives, 
because usually a number of prints are required from a single 
picture, but in motion picture work in most cases an amateur 's 
interested in getting only a single print, and there are great acdvan- 
tages in a process which enabled a positive to be obtained by the 
direct treatment of the original exposure. The preparation of 
positives direct is well known in photography. The usual method 
is to develop the exposed image and then to dissolve out the silver 
in a “ bleaching” bath, as it,is called, which oxidizes the silver 
and leaves the undeveloped silver bromide intact. After exposure 
to light, this remaining silver bromide is developed in its turn 
and this gives a positive. This process has two disadvantages 
It can give satisfactory results only through a very small range 0! 
original exposures because, if the exposure is too low, the amount 
of silver halide undeveloped is correspondingly large, and the fina! 
image is dense, while if the first exposure is heavy, there is not 
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enough silver salt left to form a satisfactory image. It is also 
dependent upon very exact evenness of coating. If the coating 
is too thick, then the whole positive will be overlaid by a deposit 
of silver which the first exposure could not reach, and if it is too 
thin, there will not be sufficient silver to give density in the final 
image. Variations in the evenness of coating will show very 
badly in the finished picture. As the result of a great deal of 
research work, a process was devised in our research laboratory 
which overcame these disadvantages. ‘This process is the subject 
of an application for a patent, and its exact nature cannot there- 


Fic. 10. 


Enlargement from standard film and Kodascope positive to same magnification to show 
relative graininess. 


fore be revealed at the present time. But it is possible now to 
obtain first-class positives upon coatings of any thickness what- 
ever, the density not being dependent upon the evenness of the 
coating, and the control over variations of exposure quite as good 
as is possible if a negative be developed, and a positive be printed 
from it in the ordinary way. Moreover, these reversed pictures 
were found to be astonishingly free from graininess. The graini- 
ness is due to the large clumps of silver halide grains present in 
the emulsion. These large clumps are more sensitive to light 
than small or widely separated grains, and therefore when a short 
exposure is made, the large clumps are the first to become exposed. 
These are removed in the reversal process, and the final image is 
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made up of the grains of the least sensitiveness. Since these are 
the smallest grains and the smallest clumps of grains, such a 
direct positive image shows very little graininess. In Fig. 10 
there is shown at the left, an enlargement from a_ standard 
motion picture print, and on the right the same scene taken on the 
small film and enlarged until it is the same size as the picture 
taken on the standard film. It will be seen that the small film is 
so free from graininess that a picture of the same size shows 
very little more graniness than if it had been made by the stand- 
ard process. 

The development of the film is quite a complicated process and 
requires very special and complicated equipment since the filin 
has to go through a great number of treatments compared with 
the simple operation of developing and fixing to which motion 
picture film is usually exposed, and for this reason it has been 
% decided that for the present, at any rate, the Kodak Company 

should undertake this work itself, and it is installing equipment 
which will make it possible to finish all the film that can be taken 
with the cameras in use. 

Naturally, many amateurs will wish to have more than on 
print for some special reason, and this is provided for by the us 
of a special printer in which a positive can be duplicated, the dup % 
cate being reversed into a positive in the same way as the original J 
picture. In this way, it is possible to obtain duplicates at the 
same cost as the original picture, and though this is somewhat 
higher than the cost of making prints from an ordinary negative. 4 
there is no question that the use of the reversal process will greatly 
cheapen the production of motion pictures by amateurs. he 4 
small pictures can be enlarged in special printers to make pictures 
of the standard size required for theatres. This will no doubt 
not be required very often, but what will be done to a very large 
extent is that the pictures of standard size will be reduced to make 
the small prints suitable for projection in the Kodascope. : 

7 Fig. 11 shows Kodascope film side by side with the standard : 
Ss film. The Kodascope film was standardized as being 16 mm 
£ wide compared with the standard width of 35 mm. ‘The pictur 
% is I cm. x 4% cm. or 10 mm. x 74% mm. compared with the stand 
(a ard picture of 1 inch x % inch, so that the area of the picture !s 
li approximately one-sixth of that of the standard picture. [hie 
film has only one perforation on each side per picture, while the 
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standard has four perforations. This has the advantage that 
it is impossible to misframe the picture. If it is framed at all, it 
must be framed right on the screen. It will be seen that five pic- 
tures on this small film occupy the same length as two pictures on 
the standard film. The small film, therefore, has forty pictures 
to a foot whereas the standard film has only sixteen pictures per 
foot, and while a foot of standard film lasts only a second on the 


Fic. 11. 


Kodascope film side by side with standard film. 


screen, a foot of the Kodascope film lasts two and a half seconds. 
The spool used in the Cine Kodak takes 100 feet of the small 
film, corresponding to 250 feet of the standard film, and the Koda- 
scope projector reel takes 400 feet, corresponding to the standard 
thousand-foot projection reel, which runs for sixteen minutes 
(Fig. 12). The small size of the Kodascope film naturally makes 
its cost much less than that of standard film. It costs approxi- 
mately fifteen cents to take a negative, develop it, and make 
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une print on standard film for each second on the screen; that is. 
for each foot of film, so that to make a standard film of 1000 feet 
will cost $150. The Kodascope film will cost about two and a 
half cents a second, so that a reel running for one thousand 
seconds will cost $24. The cost of the film which is rented 
will, of course, be correspondingly lower in the smaller sized film 
so that an evening’s entertainment at home will be obtainable fo; 
a very reasonable sum. 

In order to get some idea of what this means to the amateu-, 
it is necessary to remember how long a picture should be. Experi- 
ence has shown that a view of a stationary object, or one in which 
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Standard reel and Kodascope 400-foot reel. 
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the movement is repeated, such as a water fall or a game, and 
in which there is no continuity in the action, should last on the 
screen for between 5 and 10 seconds. This may seem short, but 
trial shows that if a scene of this type lasts for more than 10 
seconds the audience wearies of it. When taking pictures with 
the Cine Kodak, therefore, it is desirable to give about 7 or 5 
seconds’ exposures to each scene, moving the camera from one 
point to another in order to get variety. The cost, therefore, 0! 
a single scene taken with a Cine Kodak is about twenty cents, and 
this compares favorably with the cost of taking an ordinary kodak 
picture, developing the negative, and making one print. ©: 
the whole, it appears as if amateur cinematography with the 
Cine Kodak will not be more expensive to the user than 's 
still photography. 


: 
: 
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The film base used for making the Kodascope film is the 
slow-burning film made from cellulose acetate. While the cellu- 
lose nitrate film commonly used in motion pictures is entirely safe 
for theatrical work where proper precautions are taken to prevent 


Enlargement of single small picture. 


any risk of film fires and to quench a fire should it arise, the 
introduction of such film into the home or school is most danger- 
ous, and one of the great advantages of using a special size of film 
is that it will not be possible to obtain this film in the fast-burning 
nitrocellulose stock. For the same reason, though to a lesser 
degree, it is an advantage that this new film cannot be cut from 
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film of standard size by any simple operation. Several sma 
projectors that have been built recently have been made to take 
half-width film, to be obtained by slitting standard perforate. 
motion picture film in half. While, of course, it is intended tha: 
slow-burning stock only should be used for this purpose, there 
always the danger that some one would be tempted to use th 
cheaper nitrate stock and to slit it in half for use in the narro 
width. The same objection applies with much greater force t 
the use of projection machines taking film of standard widt) 
It is probable that in the near future there will be a number ©: 
projectors on the market and possibly some cameras also takiny : 
the 16-mm. film, so that the 16-mm. size may become a standar‘! 
throughout the entire trade for small film used for amatew 
cinematography just as the professional 13¢-inch film, used first 
by Lumiére and Edison, became the standard for all motivo 
picture work. 
The single small pictures taken on the Cine Kodak can |x 
enlarged, and so fine is the grain and so good the definition that 
the results of enlargements of these extremely small pictures 
which, if examined in the hand, need a microscope to see the detai 
are of surprising quality. One of these enlargements is show: 
in Fig. 13. 
The first equipment to be put on the market by the Kodak 
Company will be in the form of an entire outfit for taking and 
projecting the pictures. It will include the camera with its tripod 
and tripod head, the Kodascope with the screen, and the necessar) 
accessories, such as a device for joining the films together. Il 
price has not been definitely settled yet, but it will be in th: 
neighborhood of $300, and with the outfit an amateur will lx 
equipped to take his own pictures and project them or thos 
taken by other people. 
The introduction of motion pictures into the home will, 0! 
course, produce a demand for pictures other than those take 
by the owner of the machine, and we are arranging therefore to 
supply for the Kodascope a library of films made by the reductio: 
of standard reels to Kodascope size. We hope in the next yea! 
to have several hundred subjects available, including scenic pic 
tures, stories for children, and pictures of all kinds of a typ 
suitable for use in the home. We believe that the spreading us: 
of the motion picture at home will increase the public interest 1 
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the motion picture and will rouse the interest of many people 
who have not, up to the present, been regular attendants at the 
motion picture theatres, so that they will follow the progress of 
the art and will take a real interest in the development of pictures 
as shown in the large theatres. Just as the widespread use of 
photography by the amateur has been the chief contributing cause 
to its marvelous development in the last thirty years and to its 
extension to every field of human activity, so I believe the use 
of the motion picture by photographers throughout the world will 
make possible developments in the art of motion picture that are at 
present undreamt of, and that the use of the motion picture in 
schools, institutions, and homes has a future to which the Cine 
Kodak and Kodascope will contribute in no small degree. 


Wilhelm Hallwachs. Orro WIENER. (Physikal. Zeit., Nov. 15, 
1922. )— On the 2oth of June, 1922, this distinguished German physi- 
cist died. His name is inseparably linked with the effect that he 
discovered. Shortly after Hertz had performed his epoch-making 
investigations, proving the existence of electrical waves from which 
wireless telegraphy and telephony have sprung, Hallwachs found 
that ultra-violet light falling on a zinc plate negatively charged causes 
it to lose its charge. If the plate were positively charged it was not 
so discharged. Paper after paper brought to light the phases of this 
effect, but there came a pause of fourteen years in his investigations 
on this subject. About 1904 he resumed his photoelectrical activity 
and succeeded in solving many questions in this field. “ Question 
follows question and step by step each is answered with thoroughness 
by means of experimental skill.” This investigation is only the best 
known of his contributions to physics. 

He was the son-in-law of Friederich Kohlrausch, whose assistant 
he was at Strasbourg. There are American students who will recall 
with pleasure their acquaintance with this genial and gifted 
experimenter. G . 3. 


Discharge of Electrons from Electrodes Nearly in Contact. 
Franz Rorner. (Physikal. Zeit., Oct. 15, 1922.)—In 1911 this 
Leipzig physicist showed that a current flows from one electrode to 
another even with small differences of potential, provided the distance 
separating the two is exceedingly small. When the interval is as short 
as a light wave, 10 volts cause a current of 107* ampere to flow 
across. The experiments leading to this result were conducted in 
air at pressures of 760 and of .5 mm., and pressure appeared not to 
influence the result. To test this conclusion it was desired to repeat 
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the investigation, using the highest attainable vacuum. The problem 
was then to devise a way of mounting two electrodes in such a vacuum 
so that their distance apart could be varied and, more than that 
measured with great accuracy. Two methods of moving the ele 
trodes were available, electrostriction and the bending of a metalli: 
membrane. One electrode was attached to an iron rod whose lengt! 
was varied by changing its magnetization. This plan was defectiy: 
when it was needed to bring the electrodes into actual contact. In th: 
second method the electrode was carried by a platinum membran 
whose form was governed by the difference between the pressure | 
the tube and the external pressure. This met the requirements mo: 
completely than the former method. The measurements of distance 
were made by an interference arrangement. The electrodes were 
metal cylinders 4 mm. in diameter with polished hemispherical en:; 
For platinum hemispheres of radius 20 mm. in a high vacuum, : 
current of about 5 x 10-'* amperes flowed from one electrode to th 
other, 250 millionths of a millimetre distant, when the difference 0: 
potential was 190 volts. The increase of current with voltage was 
rapid. Electrons appear to be driven out of the metal by a sort 0! 
“cold Richardson effect.” G. F. S 


The Thermal Effect of Vapors on Rubber. A. S. HovGuto» 
(Proc. Phys. Soc., Dec. 15, 1922.)—Into carbon dioxide were plunge: 
two exactly similar thermometers, the bulb of one of which had bee: 
covered with a thin film of rubber, left by the evaporation of 
rubber solution. The latter instrument showed a higher temperature 

Lengths of copper and Eureka wire were soldered together, the 
kinds alternating. The first, third, fifth, etc., junctions were exposed 
to vapors while the even junctions were protected from them. Imm 
diately on exposure a galvanometer joined to the series of wires 
indicated a sudden rise of temperature. This became zero as the 
exposure continued. Upon the withdrawal of the junctions ther 
appeared a sudden cooling which in turn disappeared after a time 
The vapors of chloroform, benzene, toluene, pyridine and oils 0! 
lavender and guaniol showed the effect. Ammonia and carbon 
dioxide are known to pass through rubber. These gases showed t!x 
effect, but the heat developed was not great. Moist air gave t! 
effect very clearly. 

The greatest difference of temperature produced by the presence 
of the rubber was about one degree. 

The heating of cellulose by water-vapor seems akin to the effect 
above described. ‘“ Rubber differs, however, from cellulose in its 
non-fibrous structure and wide range of action with vapors. So it 
is probable that only a part of the heat produced is due to th: 
condensation of the vapor on the rubber, and the additional heat is 
supplied either by some form of chemical union, or by the formati: 
of a solid solution between the vapor and the rubber.” G. F.S 
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INVAR AND RELATED NICKEL STEELS.’ 


[ ABSTRACT. ] 


Tus circular is mainly a compilation of data obtained during 
the last thirty years by various investigators on the different 
properties of nickel steels. Particular attention is given to 
“invar,” a nickel-iron alloy containing about 36 per cent. nickel 
and possessing an extremely small thermal expansivity at ordi- 
nary temperatures, the mean coefficient of linear expansion 
between 0 and 40° C. being on the order of 1 to 2 millionths. 
The results of investigations made on the various properties of 
the nickel-iron alloy series have been presented largely in diagram- 
matic and tabular form. 

Following an historical account of the development of nickel 
steels and studies of their properties, the nature of the anomalies 
in behavior met with in these steels and characterized by their 
irreversible and reversible phenomena are discussed in the light of 
the results obtained on their various physical properties. The 
constitution and microstructure of these alloys are first dealt 
with, and next the rather extensive studies made on the magnetic 
properties. A magnetic transformation (Curie points) diagram 
has been plotted from the observations obtained magnetically, for 
the most part, by various investigators. 

Anomalies in the change of electrical resistance with tempera- 
ture are shown to be present in nickel-iron alloys. It is seen from 
the diagram for electrical resistivity at ordinary temperatures, 
plotted from data obtained on pure ferro-nickels, that there is a 
sharp increase in resistance for those alloys containing about 30 
to 35 per cent. nickel—the resistivity of invar being on the order 
of 80 microhms-cm. 

The anomalous behavior in the thermal expansion of nickel- 
iron alloys at various temperatures is illustrated by a number of 
diagrams, and the rule of corresponding states formulated by 
Guillaume has been applied in interpreting some of the results. 
The degree of thermal expansivity reaches a minimum in alloys 


* Communicated by the Director. 
‘Circular No. 58, second edition, price thirty cents. 
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with about 36 per cent. nickel (and 0.4 per cent. manganese ani 
0.1 per cent. carbon), and the position of this minimum may be 
modified by the presence of added elements as chromium, etc., and 
also by thermal or mechanical treatment. The theories advance: 
as an explanation for the anomalous behavior in the expansibilit, 
of nickel steels are briefly dealt with. In addition to the principa 
characteristics of thermal expansion, there are certain secondary, 
phenomena of a transitory and of a progressive nature occurring 
over small ranges of temperature or even at constant temperatures 
over a long period of time which affect the constancy in the dime: 
sions of the invar. An aging process or special heat-treatment is 
employed to reduce these secular changes to a minimum. Th 
cause of this instability of nickel steels has been found to be dur 
to the presence of carbon. 

The thermal conductivity and specific heat of nickel-iron alloys 
show minimum and maximum values, respectively, at about 25 
per cent. nickel. 


Some data on the mechanical properties and also Brinell a 
Shore Scleroscope hardness of nickel steels, with the nickel content 
ranging up to about 50 per cent., are given in tabular and 
diagrammatic form. The tensile properties of invar may ru 
as follows: Tensile strength, 50,000—100,000 pounds per squat 
inch ; elastic limit, 30,000—70,000 pounds per square inch; elonga 
tion, 25 to 50 per cent.; and reduction of area, 40 to 70 per cet 


Nickel steels present anomalies in the elastic modulus, corre 
sponding closely to those found in thermal expansion. It has bee 
found that the degree of anomaly can be reduced in very larg: 
measure by means of suitable additions made to the alloy, name!) 
about 12 per cent. chromium or its equivalent, this alloy having 
recently been introduced under the trade-mark “ Elinvar.”” This 
is of practical importance in the construction of watches ai 
chronometers, where the degree of error with variations of tem 
perature and consequent need for compensation may be mac 
very small. 


Resistance to corrosion by fresh and sea water and acid liquors 
increases with the proportion of nickel. An alloy containing 
about 18 per cent. may be regarded as practically non-corrodib| 
The resistance of invar to oxidation, while very much greater tha! 
that of ordinary steel, is not perfect, therefore it is advisable to 
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coat an invar instrument with a protective coating as vaseline, if 
it is to be exposed for a long time in a moist atmosphere. 

The extent and nature of applications of nickel steels are dis- 
cussed. A list of makers of nickel steels and dealers in nickel 
steels of minimum thermal expansivity in America and also a 
selected bibliography are included. 


RECOMMENDED SPECIFICATION FOR QUICKLIME FOR USE 
IN CAUSTICIZING.’ 


[ ABSTRACT. ] 


THE manufacture of caustic alkali consumes a large tonnage 
of quicklime annually. For this purpose a very pure grade of 
lime is required. Purity is determined not by the total content of 
calcium oxide, but rather by the content of calcium oxide which 
is available in the process for which the lime is used. A careful 
study of the requirements of the users of the quality of lime which 
is actually being used and of the possibilities of production have 
led to the establishment of 85 per cent. as a fair standard for 
available lime. Unlike most materials which are bought on specifi- 
cation, chemical lime is more valuable if it has a higher degree 
of purity than that required by the standard and less valuable if it 
has a lower degree. For this reason we have recommended that a 
bonus and penalty clause be inserted in the contract in order to 
take care of variations from the 85 per cent. While the material 
is less valuable, but can still be used if the purity falls below the 
standard, there is a point reached eventually when the value of the 
material becomes such that it is poor economy to use the lime for 
this purpose. A careful survey of the situation has led us to set 
this figure at 70 per cent. In working up the details of this specifi- 
cation the bureau has been assisted by an Interdepartmental Con- 
ference on Chemical Lime, composed of representatives of various 
government agencies. The specifications have been partially 
approved by the National Lime Association, representing the pro- 
ducers, and by the Technical Association of the Pulp and Paper 
Industry, representing the largest group of consumers of this 
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RECOMMENDED SPECIFICATION FOR LIMESTONE AND 
QUICKLIME FOR USE IN THE MANUFACTURE OF 
SULPHITE PULP.’ 


[ ABSTRACT. } 


In the manufacture of sulphite pulp the wood is cooked with 
a solution of calcium bisulphite. This solution may be prepared i: 
two ways, either by permitting sulphur dioxide to pass upwari 
through a tower filled with limestone and allowing water to trick’: 
down over the stone, or by passing the sulphur dioxide through 
milk of lime contained in a tank. In the former process hig! 
calcium limestone is preferred, because limestone containing muc! 
magnesium carbonate is not dissolved uniformly and is thus a)\ 
to fall to pieces and stop the circulation. In the latter process a 
high-calcium quicklime is- preferred for the manufacture of th: 
milk of lime, because the magnesia is more soluble than the lime 
in the sulphur dioxide solution and a liquor having higher strength 
can thus be prepared. It is quite possible, however, to use a high- 
magnesium stone in the tower process or a high-calcium lime in 
the milk-of-lime process. The specifications, therefore, cover both 
high-calcium and high-magnesium limestone and quicklime on the 
basis of about 95 per cent. purity. 


The Fluorescence and Coloration of Glass Produced by Beta 
Rays. J. R. Crarxe. (Phil. Mag., April, 1923.)—Three speci- 
mens of soda glass tubing were kept in radium emanation until the) 
had acquired a rich brown color and had ceased to fluoresce. Each 
specimen was divided into four parts. When a part was put into an 
oven it began to fluoresce and continued to do so until the brown 
color had disappeared. The hotter the oven the shorter the time 
needed to remove the color and also the more intense the fluorescent 
light. One specimen lost its color in the following number of minutes 
at the temperatures designated, 110°, 13 min.; 180°, 3 min.; 235 
1.5 min.; 350°, .75 min. In one case at a temperature of only 95 
the fluorescence lasted fifteen hours. “ The decoloration of the 
glasses, therefore, appears to be connected with a change in the stat: 
of molecular aggregation, coloration being the reverse process. As 
both coloration and decoloration were accompanied by fluorescence, 
it is probable that the fluorescence is due to this change.” 

Of nineteen kinds of glass examined, fourteen turned brown and 
the rest purple. All that turned purple had manganese in them. The 
others contained none of this element. G. F. S. 


* Circular No. 144, price five cents. 
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AN ADAPTATION OF THE THALOFIDE CELL TO THE 
MEASUREMENT OF PHOTOGRAPHIC DENSITIES.’ 


By A. L. Schoen. 


In photographic research, it is frequently necessary to measure 
low densities with great accuracy. The usual visual methods for 
measuring density have been found inadequate for this purpose. 
Tests made with thalofide cells to determine the conditions for high 
sensitivity and stability show that this instrument can be adapted 
as a physical photometer for the measurement of these densities. 

Changes in sensitivity with applied voltage and intensity of 
illumination were observed. From these data the best voltage 
and illumination were determined and maintained constant on 
the cell. Densities were determined (using the inverse square 
law) by moving the source of illumination to produce zero deflec- 
tion in a sensitive galvanometer for each step of the sensito- 
metric strip. 

Results obtained thus far indicate that this method can be used 
with advantage in problems involving the measurement of very 
low densities and small density differences and that densities as low 
as .005 (+99 per cent. transmission) can be measured with a fair 
degree of certainty. 


SIZE-FREQUENCY DISTRIBUTION OF GRAINS OF SILVER 
HALIDE IN PHOTOGRAPHIC EMULSIONS AND ITS 
RELATION TO SENSITOMETRIC CHARACTERISTICS. 

V.—SYSTEMATIC CORRELATION.’ 


By E. P. Wightman, S. E. Sheppard, and A. P. H. Trivelli. 


A sErteEs of photographic emulsions has been prepared of which 
a correlation between the grain and sensitometric characteristics 
shows an apparently close relationship. These emulsions are 
strictly comparable because practically all the factors in their prep- 
aration were under control, only one being varied so as to progres- 


* Communicated by the Director. 
“Communication No. 171 from the Research Laboratory of the Eastman 
Kodak Company and published in J. Opt. Soc. Amer., June, 1923, p. 483. 
*Communication No. 172 from the Research Laboratory of the Eastman 
Kodak Company and published in J. Phys. Chem., May, 1923, p. 466. 


251 


a! 


2 
ns 
® ; 
; 
; 

a 


we veh pte dae 


pets yee 


het atl 


252 EastTMAN Kopak Company NOTEs. [J.F.1 


sively increase the speed of the emulsions in the series, and because 
equal weights of emulsion containing in every case the same 
amount of silver halide by weight were coated on the plates. The 
equations which represent the grain-size-distribution of these 
emulsions show a steady transition from a steep exponential, 
y= ye", to a flat, widely spread Gaussian type, y = yye* “> °" 
That is to say, in passing through the series from the slow to thie 
comparatively fast emulsion the parameters y, and & steadily 
decrease, while the parameter a, which is zero in the first two 
examples, then steadily increases. 


THE RESISTIVITY OF VARIOUS MATERIALS TOWARDS 
PHOTOGRAPHIC SOLUTIONS.’ 


By J. I. Crabtree and Glenn E. Matthews. 


Or the metals and alloys, lead, nickel, Niaco, and monel are the 
most resistive to photographic solutions, but are suitable only for 
developing and washing apparatus. Toning baths attack all metals 
With fixing baths a protective layer of silver plates on the metal 
tends to retard corrosion. Monel is quite satisfactory for clips, 
hangers, and small tanks which are not permanently in con 
tact with the solutions. Salts of copper or stannous tin cause 
bad developer fog, so that copper or tin alloys containing these 
metals, such as solder or brass, should not be used in contact with 
developers. Metallic contact of two different metals or alloys 
causes electrolysis which hastens the rate of corrosion. Lead- 
lined tanks are satisfactory for developers and fixing baths if the 
joints are lead burned. Lead piping is suitable if the joints 
are wiped. 

Of the non-metallic materials, glass, enamelled steel, well- 
glazed earthenware, hard rubber and wood resist all photographic 
solutions. Porous earthenware, rubber composition, and impreg 
nated products disintegrate as a result of crystallization of hypo 
or other salts in the pores of the material. Small dishes should 
be made of glass, enamelled steel or hard rubber. Deep tanks 
for motion picture work may be of wood (cypress), lead-lined 
wood, Alberene stone or slate, well-glazed stoneware, or Portland 
cement. Piping should be of lead, hard rubber, or glass. 


*Communication No. 176 from the Research Laboratory of the Eastmat 
Kodak Company and published in Jnd. Eng. Chem., July, 1923, p. 666; [ri 
J Phot., June 15, 1923, p. 366. 
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NOTES FROM THE U. S. BUREAU OF CHEMISTRY.* 


COMPOSITION OF FREE FATTY ACIDS OF 
COTTONSEED OIL.’ 


By George S. Jamieson and Walter F. Baughman. 


[ ABSTRACT. ] 


Tue fatty acids of cottonseed oil and of peanut oil are set 
free by hydrolysis in practically the proportions in which they 
occur as glycerides in the oils. The same probably is true of the 
fatty acids in all other vegetable oils. 


GROUNDING COTTON GINS TO PREVENT FIRES.’ 
By Harry E. Roethe. 


[ ABSTRACT. ] 


THE installation of grounding systems for removing electro- 
static charges in cotton gins is one of the most effective means 
of preventing fires in gins. The U. S. Department of Agriculture 
has developed an inexpensive and effective grounding system. 
Many insurance companies in the South give lower insurance 
rates for gins having a proper grounding system. 


CHEMICAL, PHYSICAL, AND INSECTICIDAL PROPERTIES 
OF ARSENICALS- 


By F. C. Cook and N. E. McIndoo. 


[ ABSTRACT. ] 


Tue Bureau of Chemistry has determined the chemical and 
physical properties of a large number of commercial arsenicals 
and a large number of arsenicals prepared in the laboratory. It 
has also determined the compatibility of various mixtures of 
arsenicals with other insecticides and fungicides. The Bureau 
of Entomology has determined the comparative toxicity of the 
same arsenicals. 


*Communicated by the Chief of the Bureau. 

* Published in Cotton Oil Press, 7 (June, 1923) : 35. 
*Issued as U. S. Dept. Agr. Cir. 271 (May, 1923). 
*Issued as U. S. Dept. Agr. Bul. 1147 (June 8, 1923). 
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) From this work the conclusion is drawn that a chemical 
e | analysis of an arsenical does not give sufficient data to judge 
ae satisfactorily its insecticidal properties and a toxicity study alone 
does not show that an arsenical is suitable for general insecticidal! 
purposes. Both a chemical analysis and a toxicity study are 
necessary to show whether or not an arsenical is a satisfac 
tory insecticide. 

EFFECTS OF TREATING MATERIALS AND OUTDOOR EXPO. 
SURE UPON WATER RESISTANCE AND TENSILE 
STRENGTH OF COTTON DUCK.‘ 

By T. D. Jarrell and H. P. Holman. 

[ABSTRACT. ] 


WATERPROOFING materials frequently hasten deterioration in 
the strength of canvas exposed to the weather. Waterproofing 
treatments free from mineral pigments made canvas after ex 
posure weaker than the untreated canvas after exposure. Prepa 
rations containing an excess (over 50 per cent.) of asphalt or 
coal-tar pitch usually caused less deterioration in strength and 
gave greater water resistance than other treatments free from 
mineral pigments. The addition of mineral pigments to certai 
waterproofing preparations which have a deteriorating effect © 
canvas when exposed to the weather materially reduced this effect 
and in some instances made the treated canvas stronger than 1! 
untreated canvas after exposure. Usually the addition of piy 
ments did not interfere with water resistance and sometime: 
materially increased the water resistance. 
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On Tidal Stresses and Continental Displacements. !!. 
eF Poote. (Phil. Mag., March, 1923.)—Eddington has given .001 
i second as a probable value of. the increase in the length of a <a 
produced by the action on the earth of tidal forces during a centur\ 
He Using the moment of inertia of the earth about its axis (9.74 x 10“ 
fe i gram sq. cm.) the author calculates that to produce the speciiied 
i.e lengthening of the day, a uniform force acting over the entire sur{ace 
of the earth would be adequate if it amounted to the weight of 4 
kilogram per square kilometre. This force is too small to have 
produced much displacement of the continents. “It would seem 
then that, if tidal stresses have played a part in the history of the 
continents, they must have done so in past epochs, when, owing 
crustal weakness or the closer proximity of the Moon, they were 
far more powerful than at present.” G. F. S. 


* Published in J. Ind. Eng. Chem., 15 (June, 1923) : 607. 
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COMPARISON OF GAS MASKS, HOSE MASKS, AND OXYGEN- 
BREATHING APPARATUS. 


By S. H. Katz and J. J. Bourquin. 


THREE types of respiratory apparatus, nainely, gas masks, 
hose masks, and self-contained oxygen-breathing apparatus, are 
now commonly used for protection from noxious gases, vapors, 
and smokes or mists, but no particular type can be selected as 
best for all conditions. Many factors must be considered in con- 
nection with each situation, so that each must be considered as a 
problem in itself. 

Gas masks are the simplest and easiest to wear, also the least 
cumbersome, but they protect only in comparatively low concen- 
trations of noxious gases and should never be used where the 
air contains less than 16 per cent. of oxygen. Special masks give 
protection from one gas or class of gases, but may give no 
protection against another gas or class of gases. 

Hose masks protect in any irrespirable atmosphere, but are 
somewhat cumbersome, the length of hose limiting the distance 
a wearer may go from fresh air. They are serviceable also where 
a supply of pure air moves with the wearer, as where a locomotive 
engineer in a smoky tunnel is using a hose mask supplied with air 
from the compressed air line of the locomotive. Hose masks con- 
sume no chemicals or materials and so are not limited in the time 
they may be used. 

Self-contained oxygen-breathing apparatus protect in any 
irrespirable atmosphere, but their weight is cumbersome, they 
can be used only by trained men, and frequent attention must be 
given them to maintain good working condition. On the other 
hand, they are the only safe means for exploring mines and other 
places filled with irrespirable gases in high concentrations. 

More complete statements concerning the properties of each 
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RESULTS OF ASSAYS OF THE NEW ALBANY OIL-SHALE. 
By John R. Reeves. 


In a general survey of the oil-shale resources of Indiana, other 
papers have already been published which present data with refer 
ence to the following points: (1) Distribution of the New Albany 
shale; (2) amount of shale available; (3) homogeneity and 
thickness of the formation; (4) amount and quality of the oi! 
obtained from the shale; (5) nitrogen content of the shale: 
(6) extractibility of the shale and its amenity to breaking; (7 
some economic factors bearing upon the utilization of the shale; 
and (8) other miscellaneous factors and data. In the future, 
technical work on other phases of the general problem is expected 
to be done with the object of making a complete survey of this 
resource which is of much potential importance to the State 
and Nation. 


There was recently completed an analytical survey of samples 
systematically collected from the outcrops, representing complete 
sections of the New Albany formation at different points in 
the district. 

Each sample was tested for oil yield, water yield, specific 
gravity of crude oil, distillation of crude oil (atmospheric dist! 
lation ending at 275° C.), unsaturation of tops (fraction boiling 
to 275° C.), carbon residue of residuum from atmospheric 
distillation, yield of scrubber naphtha, and percentage of nitrogen 

The oil yield varies from 4.8 gallons per ton to 15.7 gallons 
per ton. The average yield for all samples is 10.3 gallons per to1 
The specific gravity of the crude oil varies from 0.924 to 0.955 
The average of all samples is 0.943. 

The unsaturation of the tops varies from 39.0 per cent. to 45.0 
per cent., the average of all samples being 42.1 per cent. 

The carbon residue of the residuum from the atmospheric dis 
tillation (end point 275° C.) varies from 4.95 per cent. to 7.67 
per cent., the average of all samples being 6.3 per cent. The 
amount of scrubber naphtha, at the rate of retorting used in this 
work, varies from 0.31 gallon to 1.83 gallons per ton. 

The total nitrogen of the New Albany shale varies from 0.107 
per cent. to 0.777 per cent., the average for 15 samples being 
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0.381 per cent., equivalent to a theoretical yield of 35.89 pounds 
of ammonium sulphate per ton. Further details are given in 
Serial 2492, just issued. 


ATMOSPHERIC CONDITIONS IN UNION PACIFIC TUNNELS. 
By S. P. Kinney. 


Tue Department of the Interior has recently investigated the 
atmospheric conditions in tunnels of the Union Pacific Railroad 
in Utah and Wyoming, by observations made from the cabs of 
freight locomotives. This work was conducted by the Bureau of 
Mines at the request of, and in cooperation with, the Union 
Pacific Railroad Company, and was brought about by several 
accidents to members of engine crews, while passing through tun- 
nels, from pollution of the tunnel air by exhaust gases from 
freight locomotives. 

As a result, the causes of the gassing accidents were deter- 
mined, the composition of the air in locomotive cabs while passing 
through railroad tunnels; the effect of these conditions on the 
engine crew; and recommendations made for protection of the 
men so exposed. 


Gas samples and temperature readings taken in the cabs of 
locomotives were used in studying the atmospheric conditions to 
which the locomotive crews were exposed. The symptoms and 
the physiological effects produced in men exposed to the atmos- 
pheres encountered were studied. The pulse rates and body 
temperatures were taken, and determinations of the carbon 
monoxide content of the blood were made. Various methods 
for the prevention of gassing and for the protection of men 
therefrom were considered and tested; among which were the 
use of mechanical devices for deflecting the smoke away from the 
engine cab, and the use of various types of gas masks and 
breathing apparatus. 


While this investigation is a part of the safety work of the 
Bureau of Mines in connection with hazards from atmospheres 
containing carbon monoxide, the results are of particular value 
to railroads operating steam locomotives through tunnels, and 


258 U. S. Bureau or Mines Notes. [J.1 


are also valuable to other industries where atmospheres having 
poisonous gases or of a high temperature and humidity may |e 
present. Further details are given in a recent publication. 


THE PYRO TANNIC ACID METHOD FOR THE QUANTITATIVE 
DETERMINATION OF CARBON MONOXIDE 
IN BLOOD AND AIR. 


By R. R. Sayers, W. P. Yant, and G. W. Jones. 


Ir is of vital importance in all industrial and domestic acci- 
dents occurring at places where carbon monoxide might be sus- 
pected or where the symptoms are typical of carbon monoxide 
poisoning that a qualitative and preferably a quantitative deter- 
miriation be made (the extent of poisoning being of importa: 
in deciding whether carbon monoxide was the direct or c.: 
tributary cause) to show the presence or absence of carbo: 
monoxide. This is indeed essential from a medical standpoint, 
as it aids in prescribing treatment and from a legal standpoint 
to insure justice in the claims that are often unjustly decided tor 
want of positive evidence. Probably the best method of diagnosis 
is by examination of the subject’s blood. Many methods for the 
detection of carbon monoxide in the blood have been develo; 
but owing to their various individual disadvantages have never 
come into common usage. Some of the quantitative methods ar 
satisfactory with regard to accuracy, but require elaborate ai 
expensive apparatus, special technic and training, or are | 
delicate and cumbersome for field use. 

In view of the above an apparatus has been designed by t): 
bureau, which gives accurate results in the field and laborator) 
yet it is compact (can be carried in the pocket) and durable, and 
sufficiently simple in operation to be used without special training 
By use of this method, it is possible to detect the presence 0! 
carbon monoxide in the blood in three minutes and determine 
the exact amount present within fifteen minutes, and on the basis 
of these findings, treatment administered. The method and 
apparatus should fulfill the needs of hospitals, industrial surgeons 
safety engineers, coroners, departments of public safety, boards 
of health, and other allied organizations. Further details are 
given in Serial 2486, recently issued. 


THE FRANKLIN INSTITUTE. 


MEMBERSHIP NOTES. 
CHANGES OF ADDRESS. 


Dr. Gepnarpt Bumcke, 64 Dayton Street, Newark, New Jersey. 

Dr. Epwin M. Cuance, 3 North Street, Ocean City, New Jersey. 

Mr. Artuur L. Cottins, Abington, Pennsylvania. 

Pror. Ernest A. Hersam, University of California, Berkeley, California. 

Mr. Gustav LINDENTHAL, Room 738, Pennsylvania Railroad Station, New 
York City, New York. 

Mr. B. B. Mitner, Hartford, Kansas. 

Mr. D. Bruce Morcan, 238 East 32nd Street, Flatbush, Brooklyn, New York. 

Mr. H. H. Pratt, Cotuit, Massachusetts. 

Mr. AntHony W. Rosinson, 6 College Avenue, Haverford, Pennsylvania. 


NECROLOGY. 


Dr. Rudolph Hering was born in Philadelphia, February 28, 1847, and 
died in New York City on May 30, 1923. He was educated in the schools of 
his native city and obtained his technical training at the Royal Polytechnic in 
Dresden, Germany, from which he graduated in 1867. In 1868 he became 
Assistant Engineer at Prospect Park, Brooklyn. In 1869-71 he served in the 
same capacity in Fairmount Park, Philadelphia. From 1873 to 1880 he was 
Assistant City Engineer in Philadelphia. He then devoted his time to private 
practice and was Chief Engineer of the Chicago Drainage and Water Supply 
Commission from 1886 to 1888, and Consulting Engineer, Department of 
Public Works, New York City in 1889. He acted as Consulting Engineer 
for water supply and sewage works in about 150 cities, including New Orleans, 
Los Angeles, Tacoma, San Francisco and Honolulu. He was a member of 
the leading civil engineering societies of the world and the author of many 
reports on sewerage and water supply. Doctor Hering became a member of 
The Franklin Institute in 1867. 

Dr. Adolph W. Miller, 400 North Third Street, Philadelphia, Penn- 


sylvania. 


PURCHASES. 


American Concrete Institute—Proceedings of the Nineteenth Annual Con- 
vention. 1923. 

\merican Mining Congress.—Proceedings of the Third National Standardiza- 
tion Conference. 1923. 

American Pharmaceutical Association —Year-book 1921, Vol. 10. 1923. 
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American Railway Association—Car Builders’ Cyclopedia, Ed. 10. 1922. 


American Railway Association—Locomotive Cyclopedia, Ed. 6. 1922. i 
American Society of Mechanical Engineers.—Rules for Conducting Perform- Z 
ance Tests of Power Plant Apparatus. n. d. 4 
Bauer, L. A., Fremine, J. A., and others—Land Magnetic Observations, 1914- 
1920. 1921. 


Bertstein, F.—Handbuch der organischen Chemie, Ed. 4, Vol. 5. 1922. 

Bett, Lours.—The Telescope, Ed. 1. 1922. 

Bryven, C. L., and Dickey, G. D.—Text-book of Filtration. 1923. 

Engineering News-Record.—Index, 1917-1922. 1923. 

Foerster, Fritz.—Elektrochemie waesseriger Loesungen. 1922. 

Gorpon, S. G.—Mineralogy of Pennsylvania. 1922. 

Nietz, A. H.—Theory of Development. 1922. 

Price, D. J., and Brown, H. H.—Dust Explosions. n. d. 

Society of Chemical Industry.—Reports of the Progress of Applied Chemistry 
Vol. 7. 1922. 

ULLMANN, Fritz.—Enzyklopedie der technischen Chemie, Vol. 12. 1923 

Wacker, W. H., Lewis, W. K., and McApams, W. H.—Principles a 
Chemical Engineering, Ed. 1. 1923. ; 

West Virginia Geological Survey.—County Reports—Tucker County, 2 vo! 
Text, 1923. Maps, 1921. 

GIFTS. 


Ackworthie, John, Limited, Hand Presses. Birmingham, England, no 
(From the Company.) 

Adrian College, Catalogue, 1922-1923. Adrian, Michigan, 1923. (Fro 
College.) 

Aeroil Burner Company, Incorporated, The Improved Asphalt Heater. | 
Hill, New Jersey, no date. (From the Company.) 

Ajax Electrothermic Corporation, 35 kv-a Converter and Small Fur: 
Trenton, New Jersey, no date. (From the Corporation.) 

Ajax Metal Company, 35 kv-a Converter and Small Furnaces, 15 kv-a ( 
verter and Small Furnaces, Electric Furnaces. Philadelphia, Pennsylvania 
no date. (From the Company.) 

Alabama Geological Survey, Statistics of the Mineral Production of Alabama 
for 1919, 1920 and 1922; Mica Deposits of Alabama, 1921; Geology 
Mineral Resources of Clay County, 1923; Geological Map of Clay County 
1922. University, Alabama. (From the Survey.) 

Albright College, Catalogue, 1922-1923. Myerstown, Pennsylvania, 
(From the College.) 

American Car and Foundry Company, Twenty-fourth Annual Report for yea! 
ended April 30, 1923. New York City, New York, 1923. (From th 
Company. ) : 

American Electrical Instrument Corporation, Bulletins L-104, L-105, L-106, ; 
L-107, L-108. Union Hill, New Jersey, no date. (From the Corpora 
tion. ) 
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American Institute of Mining and Metallurgical Engineers, Transactions vol. 
Ixviii, Directory Corrected to April 7, 1923. New York City, New York, 
1922 and 1923. (From the Institute.) 

Anthracite Bridge Company, South-to-East Scranton Bridge. Scranton, 
Pennsylvania, 1923. (From the Company.) 

Appalachian Marble Company, Appalachian Tennessee Marble. Knoxville, 
Tennessee, no date. (From the Company.) 

Atchison, Topeka and Santa Fe Railway Company, Twenty-eighth Annual 
Report for 1922. New York City, New York, 1922, (From the 
Company. ) 

Bacharach Industrial Instrument Company, Thermo Electric Pyrometers, 
and Recording Equipment. Pittsburgh, Pennsylvania, no date. (From 
the‘ Company.) 

Beaumont, R. H., Company, Catalogue 75. Philadelphia, Pennsylvania, 1923. 
(From the Company.) 

Becket and Anderson, Limited, Electric Haulage Gears. Glasgow, Scotland, 
no date. (From the Company.) 

Bennis, Ed., and Company, Limited, Coal and Ash Plant. London, England, 
no date. (From the Company.) 

Biddle, James G., “ Megger” and “ Bridge-Megger” Testing Sets; Concerning 
Insulation Testing. Philadelphia, Pennsylvania, 1922 and 1923. (From 
Mr. Biddle.) 

Bodine Electric Company, The Motorgram, March-April, 1923. Chicago, 
Illinois, 1923. (From the Company.) 

3oston Gear Works, Catalogue No. 42. Quincy, Massachusetts, 1923. (From 
the Works. ) 

3oulton and Paul, Limited, Report on Tests of Boulton Water Elevators. 
Norwich, England, no date. (From the Company.) 

Bridgewater College, Catalogue, 1923. Bridgewater, Virginia, 1923. (From 
the College.) 

British Aluminium Company, Limited, The Aluminium Handbook. New 
York City, New York, no date. (From the Company.) 

British Antarctic Expedition of 1910-1913, Glaciology. London, England, 1922. 
(From the Expedition.) 

British Columbia Minister of Mines, Annual Report for year ended December 
31, 1922. Victoria, British Columbia, 1923. (From the Minister.) 

Bryn Mawr College, Calendar, 1923. Bryn Mawr, Pennsylvania, 1923. (From 
the College.) 

Cambridge and Paul Instrument Company of America, Incorporated, Cam- 
bridge A. C. Instruments for High Frequencies. New York City, New 
York, no date. (From the Company.) 

Canada Department of Mines, Summary Report of the Mines Branch for 
1921. Ottawa, Canada, 1923. (From the Department.) 

Canada Department of the Interior, Water Resources Paper No. 33, Central 
Electric Stations in Canada, Part II—Directory. Ottawa, Canada, 1923. 
(From the Department.) 
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Canada Dominion Fuel Board, Interim Report for 1923. Ottawa, Canada 
1923. (From the Board.) 

Canadian Advisory Research Council, Report No. 12. Ottawa, Canada, 1:2; 
(From the Council.) 

Carpenter, George B., and Company, Catalogue No. 111. Chicago, Illi: 
1923. (From the Company.) 

Catholic University of America, Announcements, 1923-1924. + Washing: 
District of Columbia, 1923. (From the University.) 

Cedarville College, Twenty-ninth Annual Catalogue, 1922-1923. Cedarvy’!! 
Ohio, 1923. (From the College.) 

Central Holiness University, Catalogue, 1923-1924. University Park, 
1923. (From the University.) 

Central Howard Association, Year-book, 1923. Chicago, Illinois, no 
(From the Association. ) 

Champion Rivet Company, Scientific Facts. Cleveland, Ohio, 1922. (From 
the Company.) 

Chaplin, Alex, and Company, Limited, Catalogue 22, Chaplin’s Cranes. G 
gow, Scotland, no date. (From the Company.) 

China Engineering Society, Proceedings 1921-1922. Shanghai, China, 1922 
(From the Society.) 

Chisholm-Moore Manufacturing Company, Catalogue 26, Atlas Carryall, | 
tails of Installation. Cleveland, Ohio, 1923. (From the Company. ) 
Clark, William L., The Role of Radium Needles in the Treatment of Neoplast 
Diseases. Philadelphia, Pennsylvania, 1923. (From the Author.) 
Coeur d’Alene Hardware and Foundry Company, Bulletin No. 71. Walla 

Idaho, 1923. (From the Company.) 

College of Physicians of Philadelphia, Transactions vol. xliv. Philadelp 
Pennsylvania, 1922. (From the College.) 

Colorado Bureau of Mines, Annual Report 1922, and Supplement No. 4 ' 
Bulletin No. 7. Denver, Colorado, 1923. (From the Bureau.) 

Columbia College, Catalogue, 1922-1923. Dubuque, Iowa, 1923. (From ' 
College.) 

Columbia University, Bulletin of Information, Barnard College Announce- 
ment, 1923-1924. New York City, New York, 1923. (From the U: 
versity. ) 

Concord Board of Water Commissioners, Fifty-first Annual Report t 
Board of Aldermen for 1922. Concord, New Hampshire, 1923. (Fron 
the Board.) 

Concordia College, Catalogue, 1922-1923. Moorhead, Minnesota, 1923. (Fro! 
the College.) 

Connecticut College, Catalogue, 1922-1923. New London, Connecticut, 
(From the College.) 

Cornell University, Bulletin 411, Memoirs 58, 50, 63, 65. Ithaca, New Yor! 
1922. (From the University.) 

Cumberland College, Announcements, 1923-1924, Register, 1922-192 
Williamsburg, Kentucky, no date. (From the College.) 

Day, J. H., Company, Paint Machinery Catalogue. Cincinnati, Ohio, no dat 
(From the Company.) 
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DeZeng Standard Company, A Third of a Century of DeZeng Instrumenta- 
tion. Camden, New Jersey, 1923. (From the Company.) 

Doane College, Catalogue, 1922-1923. Crete, Nebraska, 1923. (From the 
College.) 

Dodds, Alexander, Company, Catalogue, 1923. Grand Rapids, Michigan, no 
date. (From the Company.) 

du Pont de Nemours, E. I., and Company, Principles and Practices of Up-keep 
Painting. Philadelphia, Pennsylvania, 1923. (From the Company.) 

Eagle-Picher Lead Company, Fighting Rust With Sublimed Blue Lead. 
Chicago, Illinois, 1923. (From the Company.) 

Easton Car and Construction Company, Easton Roll-over Body. Easton, Penn- 
sylvania, no date. (From the Company.) 

Edison Lamp Works, General Electric Company, Bulletins L. D. 118A, L. D. 
145, and L. D. 146. Harrison, New Jersey, 1923. (From the Works.) 
Electric Storage Battery Company, Bulletins Nos. 194 and 195. Philadelphia, 

Pennsylvania, 1923. (From the Company.) 

Electric Wheel Company, Bulletin No. 72. Quincy, Illinois, no date. (From 
the Company. ) 

Fairmount College, Catalogue, 1922-1923. Wichita, Kansas, 1923. (From 
the College.) 

Farrel Foundry and Machine Company, Incorporated, “ Sykes” Patent Gear 
Generator, Interesting High-ratio Gear. Buffalo, New York, no date. 
(From the Company.) 

Federal Products Corporation, Dial Indicators and Gauges. Providence, 
Rhode Island, no date. (From the Corporation.) 

Finland Fattigvardsstatistik, 23-1918, 24-1919 and 25-1920; Arbetsstatistik 
17-1920, and 18-1921. Helsingfors, Finland, 1922 and 1923. (From the 
Government. ) 

Florida East Coast Railway Company, Annual Report, 1922. New York City, 
New York, 1923. (From the Company.) 

Florida State College for Women, Catalogue, 1922-1923. Tallahassee, Florida, 
1923. (From the College.) 

Franklin College, Catalogue, 1923-1924. Franklin, Indiana, no date. (From 
the College.) 

Friends University, Catalogue, 1922-1923. Wichita, Kansas, 1923. (From 
the University.) 

Gaertner, William, and Company, Catalogue, H-D 1923. Chicago, Illinois, 
1923. (From the Company.) 

Golden-Anderson Valve Specialty Company, Catalogue No. 21. Pittsburgh, 
Pennsylvania, no date. (From the Company.) 

Goodell-Pratt Company, Catalogue 15. Greenfield, Massachusetts, no date. 
(From the Company.) 

Granger, A. D., Company, Bulletin No. 2. New York City, New York, 1923. 
(From the Company.) 

Graver Corporation, Bulletin 509 and “Zero” or One and One-half Which? 
East Chicago, Indiana, 1923. (From the Corporation.) 
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Great Britain Inspectors of Explosives, Annual Report for the year 192. 
London, England, 1923. (From His Majesty’s Chief Inspector of 
Explosives.) 

Greenfield Tap and Die Corporation, Bulletins Nos. 101 and 102. Greenfield 
Massachusetts, no date. (From the Corporation.) 

Gustavus Adolphus College, Catalogue, 1922-1923. St. Peter, Minnesota, 1923 
(From the College.) 

Hanrez, J., Société Anonyme, Catalogue of Locomotives. Monceau 
Sambre, Belgium, no date. (From the Society.) 

Harvard College Observatory, Circular 242, Bulletins 786 and 788. Cambridge 
Massachusetts, 1922 and 1923. (From the Observatory.) 

Harvard University, Official Register of Graduate School of Business Adminis 
tration, 1923. Cambridge, Massachusetts, 1923. (From the Universit 

Hawaii Agricultural Experiment Station, Bulletin No. 47. Honolulu, Hawaii 
1923. (From the Station.) 

Hendrix College, Catalogue, 1922-1923. Conway, Arkansas, 1923. (From th 
College.) 

Hergi Manufacturing Company, Hergi Flexible Shaft Equipment Catalogu 
No. 17. Bridgeport, Connecticut, 1922. (From the Company.) 

Hill, Edwin Charles, The Historical Register, 1922. New York City, New 
York, 1922. (From the Author.) 

Hillsdale College, Catalogue, 1922-1923. Hillsdale, Michigan, 1923. (From 
the College.) 

Hiram College, Catalogue, 1922-1923. Hiram, Ohio, 1923. (From the College.) 

Hoosier Universal Machinery Company, The Spring Cushion Universal Joint 
and Blue Print. Goshen, Indiana, no date. (From the Company.) 

Howden, James, and Company of America, Incorporated, Bulletin No. A-4 
Wellsville, New York, no date. (From the Company.) 

Illinois State Water Survey, Bulletin No. 18. Urbana, Illinois, 1923. (Fro 
the Survey.) 

India Agricultural Department, Review of Agricultural Operations in In 
1921-1922. Calcutta, India, 1923. (From the Department.) 

India Geological Survey Memoirs, Palzontologia Indica, Vol. vii, Memoi: 

2. Calcutta, India, 1923. (From the Survey.) 

Indian Railway Conference Association, Locomotive and Carriage Superin- 
tendents’ Committee, Proceedings of the Lucknow Meeting, February, 1923 
Bombay, India, no date. (From the Association.) 

l'Institut de Physique du Globe de l'Universite de Paris, Annales, 
Premier. Paris, France, 1922. (From the Institute.) 

Iowa State College of Agriculture and Mechanical Arts, Catalogue, 1923-10 
Ames, Iowa, 1923. (From the College.) 

James Millikin University, Catalogue, 1922-1923. Decatur, Illinois, 1023 
(From the University.) 

Johns-Manville, Incorporated, Architectural Acoustics. Philadelphia, Pen 
sylvania, no date. (From the Company.) 

Juniata College, Catalogue, 1922-1923. Huntingdon, Pennsylvania, 1923 
(From the College.) 
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Kalamazoo College, Catalogue, 1922-1923. Kalamazoo, Michigan, 1923. (From 
the College.) 

Kansas State Board of Agriculture, Report for the Quarter Ended December, 
1922. Topeka, Kansas, 1923. (From the Board.) 

Kennedy Valve Manufacturing Company, Catalogue No. 45. Elmira, New 
York, 1923. (From the Company.) 

Koloniaal-Instituut, Berichten, Nos. 13, 14, and 15. Amsterdam, Holland, 1923. 
(From the Institute.) 

Lake Erie College, Catalogue, 1922-1923. Painesville, Ohio, 1923. (From 
the College.) 

Lapp Insulator Company, Incorporated, Lapp Insulators, 1923, Catalogue No. 
3, Bulletin No. 104. LeRoy, New York, 1923. (From the Company.) 
Leather Belting Exchange, How a Leather Belt Transmits Power. Phila- 

delphia, Pennsylvania, no date. (From the Exchange.) 

Lebanon Boiler Works, Uniflow Improved Return Tubular Boilers. Lebanon, 
Pennsylvania, 1923. (From the Works.) 

Lebanon Valley College, Fifty-seventh Annual Catalogue. Annville, Penn- 
sylvania, 1923. (From the College.) 

Leeds and Northrup Company, Catalogue 40. Philadelphia, Pennsylvania, 
1923. -(From the Company.) 

Lefebure, Victor, The Riddle of the Rhine. New York City, New York, 1923. 
(From the Chemical Foundation.) 

Lesley, J. P., A Collection of Occasional Surveys of Iron Coal and Oil Dis- 
tricts of the United States Made During the Last Ten Years. Phila- 
delphia, Pennsylvania, 1874. (From Professor L. M. Haupt.) 

Liverpool Engineering Society, Transactions Vol. xliii. Liverpool, England, 
1922. (From the Society.) 

Manhattan College, Catalogue, 1923-1924. New York City, New York, no 
date. (From the College.) 

Massachusetts Institute of Technology, Serial Nos. 33 and 34, Cambridge, 
Massachusetts, 1923. (From the Institute.) 

Matthews, James H., and Company, Marking Devices. Pittsburgh, Penn- 
sylvania, 1923. (From the Company.) 

McMyler Intersgate Company, Lower Costs in Rapid Handling of Bulk 
Materials, 1o-ton Crawler Crane. Bedford, Ohio, no date. (From the 
Company. ) 

McPherson College, Catalogue for the Thirty-sixth Year. McPherson, Kansas, 
1923. (From the College.) 

Michigan Agricultural College, Agricultural Experiment Station, The Quar- 
terly Bulletin, May, 1923. East Lansing, Michigan, 1923. (From the 
College.) 

Milligan College, Catalogue, 1923-1924. Milligan College, Tennessee, no date. 
(From the College.) 

Milton College, Catalogue, 1922-1923. Milton, Wisconsin, no date. (From 
the College.) 

Mine and Smelter Supply Company, The Gold Gatherer. New York City, 
New York, 1923. (From the Company.) 
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Minnesota Railroad and Warehouse Commission, Thirty-seventh Report. S: 

Paul, Minnesota, no date. (From the Commission.) 4 

Missouri Wesleyan College, Fortieth Annual Catalogue, Announcements {\: 
1923-1924. Carmeron, Missouri, 1923. (From the College.) 

Monmouth College, Catalogue, 1923. Monmouth, Illinois, 1923. (From | 
College.) 

Montana Wesleyan College, Annual Catalogue, 1923-1924. Helena, Monta 
no date. (From the College.) 

Miller, Dr. George, M.E., N.A., A Draught of 74 Gun Ship by Joshua 
Humphreys, Copied from the Original by Benjamin Hutton, Junior. Phila 
delphia, Pennsylvania, April 1, 17909. (From Doctor Miiller.) 

Muskingum College, Catalogue, 1922-1923, Alumni Directory, October, 1.2. 
New Concord, Ohio, 1923. (From the College.) 

Nevada Public Service Commission, Biennial Report for 1921-1922. Carson 
City, Nevada, 1923. (From the Commission.) 

New Hampshire Public Service Commission, Reports and Orders September 
1, 1918, to December 31, 1920, and January 1, 1923, to May 3, 10923 
Concord, New Hampshire, no date. (From the Commission.) 

New Haven Sherardizing Company, Connecticut Universal Grinding Machin: 
Hartford, Connecticut, no date. (From the Company.) 

New Jersey Foundry and Machine Company, Catalogue No. 103. New York 
City, New York, no date. (From the Company.) 

New Orleans Board of Commissioners, World Ports, 1923, and New Orlea 
the Nation’s Second Port, the South’s Greatest City, 1923. New Orlea: 
Louisiana, 1923. (From the Board.) 

New Orleans Board of Health, Annual Report 1922. New Orleans, Louisia 
no date. (From the Board.) 

New South Wales Department of Mines Geological Survey, Notes on Petroleun 
and Natural Gas and the Possibilities of Their Occurrence in New S 
Wales, Bulletin No. 2. Sydney, Australia, 1921, 1923. (From 
Department. ) 

New South Wales Royal Society, Journal and Proceedings 1921. Syd 
New South Wales, 1922. (From the Society.) 

New York Central Railroad Company, Report of the Board of Directo: 
the Stockholders for year ended December 31, 1922. New York | 
New York, no date. (From the Company.) 

New York State Engineer and Surveyor’s Annual Report, year ended 5 
tember 30, 1889. Albany, New York, 1890. (From Professor L 
Haupt.) 

New York University, Announcements for the Year 1923-1924. New Y 
City, New York, 1923. (From the University.) 

New Zealand Census and Statistics Office, Results of a Census for April 17 
1921, Parts VI and IX. Wellington, New Zealand, 1923. (From th 
Office.) 

New Zealand Geological Survey, The Geology of the Mokau Subdivisio: 
Statistical Report on the Industrial Manufactures for 1921-1922, Statis' 
cal Report on Prices, Building Societies, Bankruptcy, and Meteoro 
for 1921. Wellington, New Zealand, 1923. (From the Survey.) 
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North Carolina Department of Labor and Printing, Thirty-third Report, 1921- 
1922. Raleigh, North Carolina, 1923. (From the Department.) 

Oliver Electric and Manfacturing Company, Catalogue No. 300 and Bulletin 
No. 300-A. St. Louis, Missouri, no date. (From the Company.) 

Oliver Machinery Company, Portable Woodworking Machinery. Grand 
Rapids, Michigan, no date. (From the Company.) 

Ontario Department of Mines, Thirty-first Annual Report. Toronto, Canada, 
1923. (From the Department.) 

Otis Elevator Company, R. Waygood and Company, Catalogue of Lifts, and 
Catalogue of Freight and Passenger Elevators. New York City, New 
York, 1923. (From the Company.) 

Ottawa University, Catalogue, 1922-1923. Ottawa, Kansas, 1923. (From the 
University.) 

Otterbein College, Catalogue, April, 1923. Westerville, Ohio. (From the 
College.) 

Pacific Electric Manufacturing Company, Bulletins 1401, 1500, 1600. San 
Francisco, California, 1923. (From the Company.) 

Pawling and Harnischfeger Company, Bulletins 420, 4oX and 16X. Milwaukee, 
Wisconsin, 1922. (From the Company.) 

Pennsylvania Bureau of Topographic and Geological Survey, Bulletins No. 71 
to No. 77. Harrisburg, Pennsylvania, 1923. (From the Bureau.) 

Pennsylvania College for Women, Catalogue, 1923-1924. Pittsburgh, Penn- 
sylvania, no date. (From the College.) 

Pennsylvania Crusher Company, Bulletins 1005, 6001, 1001 and photographs. 
Philadelphia, Pennsylvania, 1923. (From the Company.) 

Pennsylvania Museum and School of Industrial Art, Annual Circular 1923- 
1924, Industrial Art Department. Philadelphia, Pennsylvania, no date. 
(From the School.) 

Pennsylvania Railroad Company, Seventy-sixth Annual Report for 1922. 
Philadelphia, Pennsylvania, 1923. (From the Company.) 

Pennsylvania Second Geological Survey, Coal Flora Atlas P., Coal Flora 
Text—Vols. 1 and 2 P., Permian Flora PP. Harrisburg, Pennsylvania, 
1879-1880. (From Dr. J. V. Fisher.) 

Perman and Company, Limited, Ships, their Builders and the Kromhout 
Marine Oil Engine. London, England, no date. (From the Company.) 

Polytechnic Institute of Brooklyn, Catalogue, 1923-1924. Brooklyn, New York, 
no date. (From the Institute.) 

orto Rico Insular Experiment Station, Circular No. 74. Rio Piedras, Porto 
Rico, 1923. (From the Station.) 

ower Plant Company, Limited, Large Sykes Gear Generators. West Dray- 
ton, Middlessex, England, 1923. (From the Company.) 

unjab Chemical Examiners Department, Its Work by Lieutenent-Colonel 
J. A. Black, Lahore, India, 1921. (From Lieutenent-Colonel Black.) 

‘urdue University, Bulletin No. 11. Lafayette, Indiana, 1923. (From the 
University.) 
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Railway Fire Protection Association, Proceedings of Ninth Annual Meetiny 
News Letter No. 11. Baltimore, Maryland, 1922. (From the Association. ) 

Randolph-Macon College, Catalogue, 1922-1923. Ashland, Virginia, no dat: 
(From the College.) 

Ransome, A., and Company, Limited, Catalogue of Wood-working Machin 
Newark-on-Trent, England, 1923. (From the Company.) 

Republic Flow Meters Company, Bulletins S—12, G-13, CA-14, and 0« 
Measurement of Steam, Measurement of Low Pressure Gas, Power Plant 
Cost Accounting, Operation and Construction of the Republic Flow Mete: 
Chicago, Illinois, 1922. (From the Company.) 

Richards and Geier, Patents, Trade-marks. New York City, New York, 
(From Richards and Geier.) 

Robey and Company, Limited, Catalogue No. 367. Lincoln, England, no dat 
(From the Company.) 

Robinson, Dwight P., and Company, Some Recent Work. New York Cit 
New York, no date. (From the Company.) 

Rose Downs and Thompson, Limited, Oil Mill Machinery. Hull, England 
date. (From the Company.) 

Rose Polytechnic Institute, Catalogue, 1922-1923. Terre Haute, Indiana 
(From the Institute.) 

Royal Irish Academy, Proceedings, Vol. xxxiii, A.6, B.4-6; Vol. xxx 
A, 1-5, B, 1-3. Dublin, Ireland, 1917-1923. (From the Academy. ) 
Rugby Engineering Society, Proceedings Session 1920-21. Rugby, England 

no date. (From the Society.) 

Rutherford College, Catalogue, 1922-1923. Rutherford College, North Caro! 
no date. (From the College.) 

Safety Equipment Service Company, Catalogue E. Cleveland, Ohi 
date. (From the Company.) 

Saint Ignatius College, Catalogue, 1922-1923. Cleveland, Ohio, 1923. 
the College.) 

Saint Martin’s College, Catalogue, 1922-1923. Lacey, Washington, no 
(From the College.) 

Saint Mary's Oil Engine Company, Diesel Oil Engines. Saint Char! 
Missouri, no date. (From the Company.) 

Saint Olaf College, Annual Catalogue, 1922-1923. Northfield, Minnes:' 
1923. (From the College.) 

Sangamo Electric Company, Bulletin No. 65. Springfield, Illinois, 1923 
(From the Company.) 

Schutte and Koerting Company, Industrial Catalogue, Bulletin No. 160M 
diagram. Philadelphia, Pennsylvania, 1922. (From the Company.) 
Schweitzer and Conrad, Incorporated, High Voltage Equipment. Chicas 

Illinois, 1923. (From the Company.) 

Scott and Hodgson, Limited, Power Units. Manchester, England, n 
(From the Company.) 

Seaborne Interceptor and Engineering Company, Limited, The Seaborne Inte: 
ceptor. London, England, no date. (From the Company.) 
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“Shell” Transport and Trading Company, Limited, Twenty-fifth Annual 
Report 1922. London, England, 1923. (From the Company.) 

Shirley Institute, Memoirs, vol. 2, nos. vii, ix and x. Didsbury, England, 1923. 
(From the British Cotton Industry Research Association.) 

Société des Ingenieurs Civils de France, Annuaire de 1923. Paris, France, 
1923. (From the Society.) 

South Dakota State College of Agriculture and Mechanic Arts, Catalogue, 
1922-1923. Brookings, South Dakota, 1923. (From the College.) 

Southern Methodist University, Annual Catalogue, 1922-1923. Dallas, Texas, 
1923. (From the University.) 

Southern Pacific Company, Thirty-ninth Annual Report for 1922. New York 
City, New York, no date. (From the Company.) 

Southwestern Engineering Company, Catalogue “D,” K and K_ Flotation 
Machine, Southwestern Gasoline Condensers, Bulletin D-6. New York 
City, New York, no date. (From the Company.) 

Standard Conveyor Company, Gravity, vol. 4, no. 8. North St. Paul, Minne- 
sota, no date. (From the Company.) 

Stark Tool Company, Precision Tools. Waltham, Massachusetts, no date. 
(From the Company.) 

State College of Washington, Annual Catalogue, 1923. Pullman, Washington, 
1923. (From the College.) 

Statter, J. G., and Company, Booklets T. E. 4 and T. E. 13. London, England, 
no date. (From the Company.) 

Stewart, J. and W., Hollow Concrete Floors. London, England, no date. 
(From J. and W. Stewart.) 

Stone, J., and Company, Limited, Bronze Propellors, Valves and Fittings for 
Water Supply, Specialties, Semi-rotary Wing Pumps, Steam Fitting for 
Engineers, Catalogue No. 12, Your Pumping Problem, Sewage Disposal. 
London, England, 1904-1921. (From the Company.) 

Stothert and Pitt, Limited, Pump Catalogue, F6, Rotary Pumps. Bath, Eng- 
land, no date. (From the Company.) 

Sweet’s Catalogue Service, Incorporated, Engineering Catalogue. New York 
City, New York, 1923. (From the Service.) 

Tacony Steel Company, Tacony Steels Catalogue. Philadelphia, Pennsylvania, 
1921. (From the Company.) 

Telephone Maintenance Company, Quality Radio. Chicago, Illinois, 1923. 
(From the Company.) 

Temple University, Annual Catalogue, 1923. Philadelphia, Pennsylvania, 1923. 
(From the University.) 

Thompson, John, Limited, Catalogue of Steel Chimneys, Tanks, Steam Plant, 
Ete. Dudley, England, no date. (From the Company.) 

Thor Electric Safety Lamp Company, Limited, Miner’s Electric Safety Lamp. 
Birmingham, England, no date. (From the Company.) 

Triplex Machine Tool Corporation, Catalogue of Triplex Tools. New York 
City, New York, no date. (From the Corporation.) 

Tullis, John, and Son, Limited, Power and its Transmission. Glasgow, Scot- 
land, no date. (From the Company.) 
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Tyrrell, Henry Grattan, Transporter Bridges. Toronto, Canada, 1912. (From 
Professor L. M. Haupt.) 

U. S. Bureau of the Census, Abstract of the Census of Manufactures, 10 
Washington, District of Columbia, 1923. (From the Bureau.) 

U. S. Department of Agriculture, Department Bulletin No. 1147. Washington, 
District of Columbia, 1923. (From the Department.) 

U. S. Geological Survey, Fifth Annual Report 1883-1884; Ninth Ann 
Report 1887-1888. Washington, District of Columbia, 1885 and 18s) 
(From Dr. J. V. Fisher.) 

U. S. Interstate Commerce Commission, Twenty-third Annual Report, | 
ember 21, 1909. Washington, District of Columbia, 1910. (From P: 
fessor L. M. Haupt.) 

U. S. War Department, Revision of Handbook of Instructions for Airpla 
Designers. Washington, District of Columbia, 1923. (From the Depar: 
ment. ) 

Universal System of Machine Moulding and Machinery Company, Limited 
A Visit to a Continental Foundry, Catalogue of Bonvillain and E. k: 
ceray’s Patents for Moulding Machinery, French Catalogue NN: 
_London, England, no date. (From the Company.) 

University of Alabama, Catalogue, 1922-1923. University, Alabama, 1023 
(From the University.) 

University of Buffalo, Catalogue, 1922-1923. Buffalo, New York, 1923. (Fro: 
the University.) 

University of Colorado, Catalogue, 1922-1923. Boulder, Colorado, 
(From the University.) 

University of Delaware, Catalogue, 1922-1923. Newark, Delaware, 
(From the University.) 

University of Florida, Catalogue, 1922-1923. Gainsville, Florida, no « 
(From the University.) 

University of Idaho, Catalogue, 1922-1923. Moscow, Idaho, 1923. (From |! 
University.) 

University of Kansas, Catalogue, 1922-1923. Lawrence, Kansas, 1923. (F 
the University.) 

University of Minnesota, Agricultural Experiment Station, Bulletin 200. St 
Paul, Minnesota, 1922. (From the University.) 

University of Mississippi, Catalogue, 1922-1923. University, Mississippi, 10- 
(From the University.) 

University of Missouri College of Agriculture, Project Announcement 
Formalin Treatment for Stinking Smut of Wheat Leaflets, Extens 
Poster 7. Columbia, Missouri, 1923. (From the University.) 

University of Pennsylvania, Catalogue, 1921-1922. Philadelphia, Pennsylvania 
no date. (From the University.) 

University of Southern California, Year-book for 1922-1923. Los Angel: 
California, 1923. (From the University.) 

University of Tennessee, Register, 1922-1923, Announcement, 1923-1924 
Knoxville, Tennessee, 1923. (From the University.) 
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University of Utah, Catalogue Summer Quarter, 1923. Salt Lake City, Utah, 
1923. (From the University.) 

University of Vermont, Catalogue, 1922-1923. Burlington, Vermont, 1923. 
(From the University.) 

University of Wyoming, Catalogue, 1923. Laramie, Wyoming, 1923. (From 
the University.) 

Upper Iowa University, Catalogue, 1922-1923. Fayette, Iowa, 1923. (From 
the University.) 

Ursinus College, Catalogue, 1922-1923. Collegeville, Pennsylvania, no date. 
(From the College.) 

Wake Forest College, Catalogue Eighty-eight Year, 1922-1923. Wake Forest, 
North Carolina, no date. (From the College.) 

Washington Missionary College, Calendar, 1923-1924. Takoma Park, Wash- 
ington, District of Columbia, no date. (From the College.) 

Washington University, Record April, 1923. St. Louis, Missouri, no date. 
(From the University.) 

Webster and Bennett, Limited, Patent Boring and Turning Mills. Coventry, 
England, no date. (From the Company.) 

West Virginia Department of Mines, List of Coal Mines in West Virginia, 
April 15, 1923. Charleston, West Virginia, no date. (From the Depart- 
ment. ) 

West Virginia Wesleyan College, Catalogue, 1923. Buckhannon, West Virginia, 
1923. (From the College.) 

Western Australia Statistical Register for 1921-1922. Perth, Australia, 1923. 
(From the Registrar-General.) 

Western Maryland College, Catalogue, 1922-1923. Westminster, Maryland, 
no date. (From the College.) 

Westminster College, Seventy-fourth Annual Catalogue, April, 1923. Fulton, 
Missouri, no date. (From the College.) 

Whittier College, Catalogue, 1922-1923. Whittier, California, 1923. (From 
the College. ) 

Wittenberg College, Catalogue, 1922-1923. Springfield, Ohio, 1923. (From 
the College.) 

Yerkes Observatory, A Retrospect of Twenty-five Years, Edwin B. Frost. 
Williams Bay, Wisconsin, no date. (From the Observatory.) 


BOOK REVIEWS. 


PRINCIPLES OF CHEMICAL ENGINEERING. By William H. Walker, Warren 

K. Lewis and William H. McAdams, Professors of Chemical Engineering 

at the Massachusetts Institute of Technology. 8vo, vii-6o9 pages, 156 

illustrations and one plate. New York, The McGraw-Hill Book Company, 

1923. Price $5 net. 

Chemical engineering and engineering chemistry are two very different 
topics. The latter relates to the analysis of engineering materials and has 
been for many years extensively treated in standard manuals. Chemical 
engineering, as a special branch of applied chemistry, is of comparatively recent 
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origin, but the enormous development of chemical industries has brought about 
a great expansion of the study of both practice and theory of procedures 
Most handicrafts began in purely empiric methods; the study of the principles 
came much later. It was a characteristic of the ancient world that there was an 
almost complete separation of the scientist from the worker. The “ philosophers,” 
as they were called, disdained to mingle with the artisans, who were in large 
part slaves, or at least subject to severe masters, although in some directions, 
such as engraving and delicate work, the rarity of the special qualifications gave 
the worker a certain degree of self-assertion. Similarly to-day, the diamond- 
cutters constitute a powerful guild by reason of the highly specialized nature 
of their work. 

The book in hand is not a technology. It does not discuss the procedures 
for the manufacture of particular substances, but treats of the principles of «! 
standard processes that are employed in the plants in which the chemicals are 
made. The authors have, as stated in the preface, selected basic operations and 
have brought in the most modern data of physical chemistry to aid in th 
explanation of these procedures. The text, indeed, contrasts very strongly with 
that heretofore found in works on applied chemistry, mathematics being 
ployed in giving quantitative features to the descriptions. In the presentati 
of these quantitative data, use is made of a unit termed the “ pound mol.” This 
is explained, together with many other important points in the first chapter 01 
the “Elements of Industrial Stoichiometry.” In this chapter the discussi 
of the calculation methods is very extensive. The authors regard the con- 
version of the metric units into the older form and vice versa, as essentially 
simple. This is encouraging to those who wish to see the bugaboo that ha: 
interfered with metric reform exorcised. The advanced character of the |! 
is indicated by the title of the second chapter “ Fluid Films.” Chapters follow 
on flow of fluids and of heat, fuel and power, combustion, furnaces and kilns, 
gas producers, crushing and grinding, mechanical separation, filtration, vapor 
zation, evaporation, humidity, humidifiers, drying and cooling; the final cha; 
being on distillation. 

In the chapter on mechanical separation the discussion of the curious 
comparatively recent flotation methods is very brief and no mention js mac 
specifically of the oil processes. The brevity of the treatment of this bra: 
of the subject is due to the fact that the book is an essay on the princip|: 
the several procedures and not upon the application of them. The authors 
tell us that a great many flotation processes are in successful operation, but 
none of the many theories offered to explain the phenomena has been accepted 
as generally applicable. Rickard and Ralston in their work on flotation ( Mining 
and Scientific Press, 1919) gave an interesting history of the development o! 
the procedure, and find—as might be expected—some reference to the pract 
in Heroditus. An interesting and useful application of oil-separation is « 
scribed in Williams’ work on the diamond mines of South Africa. 01! 
separation was found very serviceable in separating the rough diamonds fron 
other minerals. 

Extensive discussion is made of the processes of combustion and of the 
construction of furnaces and kilns. The advantages and disadvantages 
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powdered and liquid fuels are presented clearly. The work is elaborately 
illustrated with representations of apparatus and with diagrams. The text 
is clearly and carefully written and presented in good form. The book is a 
most valuable contribution to a field which is of great and rapidly growing 
importance, and is another item in the evidence that the American scientist is 
getting out of the necessity of seeking an education abroad. 

Henry LEFFMANN. 


Cours pE Cuimieé INorGanigue. By F. Swarts, Professor at the University 
of Genth. Third edition, revised and enlarged. S8vo, 714 pages, contents 
and index. Brussels, M. Lamertin. Fifty francs net, in paper. 

Cours pE Caimie OrGANigue. By the same author. Third edition, revised 
and enlarged. 8vo, 652 pages, contents and index. Same publisher. Fifty 
francs net, in paper. 

These two books present a comprehensive survey of the important data of | 
chemistry and embody the late developments in atomic and molecular structure 
and the phenomena of isotopy and radioactivity. Favorable criticism can be 
made of the material presented, of the method of arrangement and the explicit- 
ness of the descriptions. Distinction is emphasized between physical and chemi- 
cal phenomena, experiments long known and used being described for 
illustrations thereof. Of late years chemists and physicists have been drawing 
together and the two departments of science are practically now interpenetrat- 
ing. There is a great deal of old-fashioned experimenting given. Under 
oxygen, for instance, it seems inadvisable to take up space describing the 
decompositions of manganese dioxide and potassium chlorate separately, and 
then describing the method in which they are mixed. The latter is the only 
one used in laboratories or at lectures when small amounts of the gas are 
desired, while the commercial preparation is by entirely different procedures. 

Being third editions, the books do not need an extended review. They 
have been before the Belgian scientific public long enough to have their merits 
and demerits appreciated. It is gratifying to see the French text with formulas 
in which the exponents are inferiors, but then this is a Belgian book, and 
Belgian chemists are in accord it seems with their brethren in other countries 
except France. The mechanical execution of the book is commendable, but the 
most extraordinary feature is the enormous number of typographic errors. 
This is all the more startling when it is remembered that these volumes are a 
third printing and much of the matter was probably set up from type. The 
inorganic section contains four closely printed pages of errors and the organic 
section three and one-half pages. The error modulus goes further, for not 
only are there errors in the text which are not indicated in the errata list, but 
these lists contain errors. The organic list is headed “erratum,” and in the 
inorganic list a limited checking has shown two errors. Page 2 should be 
page 12, and further on line 1 should be line 8. In the table of elements on 
page 69, the symbol for gadolinum is given as Ga and the symbol for boron 
is given as Bo, but this latter is evidently a deliberate change, as the same 
symbol is used in the section on boron and in the formula of boron com- 
pounds. It is very strange that a professor in a great university should 
mutilate the table of symbols in this manner. The same criticism applies to the 
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spelling “crypton,” instead of “krypton” in this table. Curiously enough, : 
name is given as “ krypton” in the section in which the argon group is describe 
although the author promptly falls from grace using the wrong spelling iy 
the rest of the paragraph. It seems inexplicable that an intelligent chemist coy\j 
be guilty of such irregularity. 

Taken all in all it seems to the reviewer that notwithstanding the larce 
amount of information in this work and attention that has been given to +h. 
modern phases of the science, the gross carelessness in the proof reading must 
render it an unsafe guide to the student. With a careful revision by a compet: 
proof reader, the book would be made into an excellent manual of chemist: 

Henry LerrmMann 


Tue Feperat Power Commission: Its History, Activities AND ORGAN! 
tion. By Milton Conover. 8vo, 117 pages, bibliography and index. 
Johns Hopkins Press, Baltimore. $1 net. 

THe WeatHer Bureau: Its History, ActTiviTIES AND ORGANIZATION 
By Gustavus A. Weber. 8vo, 70 pages, bibliography and index. Same 
publisher. $1 net. 

The two books are issued by the Johns Hopkins Press on behali 
the Institute for Government Research, which is an association of citizc: 
coOperating with public officials in the scientific study of government with a view 
to promoting efficiency and economy in public affairs. With this purpose, close 
and intimate studies are made of the several departments, and in the volum 
before us two very important departments are discussed. 

The Weather Bureau is very well known to the people of the United 
States. Its great services to farmer, mariner and shipper are appreciat 
though the forecasters come in not infrequently for both serious and flippant 
criticism. There are now in the United States over 6000 meteorological sta- 
tions, and it is estimated that over thirty thousand are established in the \ 
Systematic weather observations were undertaken in the United States in 1870 
in connection with the Signal Service, but in 1891, the bureau was transferred 
to the Department of Agriculture. It is stated that the earliest regularly 
Organized observations were inaugurated by the Duke of Tuscany in 1654 
The operation lasted about thirteen years. The publication of forecasts | 
in the United States on February 19, 1871, being called “ probabilities ” and the 
officer in charge of these was dubbed by the newspapers “Old Probabilities.” 
The text of the book covers a large amount of information on the organizat 
and work of the Weather Bureau. 

A volume is devoted to the work of Federal Power Commission, which 
composed of the Secretaries of War, Interior and Agriculture, having | 
created in 1920, to exercise a broad administrative function over water-po 
sites located on the navigable waters, public lands and reservation of 
Nation. The extent of the water-power resources of the country, the steady 
growth of utilization thereof, and the activity of inventors in devising apparatus 
for such utilization, make the functions of the commission very importan' 
The United States is probably somewhat backward in realizing on its wate: 
power reserves. Foreign engineers have developed this source very extens!\ 
“White coal” is widely used in many European countries. It is estimated t! 
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there is sufficient water-power in the United States to do the work of 500,000,000 
tons of coal annually. It is interesting to speculate what advantage would 
result if any considerable proportion of this substitution could be made. The 
coal question would be practically eliminated and the smoke nuisance in great 
part disappear. One of the most important phases of the water-power question 
is the linking up of the more powerful stations in such a way that power can be 
distributed over large areas. Surplus stations could be established to take 
the place of stations temporarily disabled, and also stations at which the supply 
of power is somewhat intermittent could be erected. In early days the water- 
driven mill was one of the most familiar objects in the settled area, but the 
material to be manufactured had to be brought to it and as it was usually located 
in a somewhat hilly country, the transportations were slow and expensive. Now 
the water-power machinery may be located in a mountainous region almost 
inaccessible to ordinary wagons or railroads, as the power can be transmitted 
with little loss many miles to the most convenient points. The book will be of 
great interest to industrial chemists and power engineers. 
Henry LEFFMANN. 


MeTALS AND THEIR ALLoys. A modern practical work dealing with metals 
from their origin to their useful application—both individually and as 
parts of alloys—used where strength, ductility, toughness, lightness, color, 
hardness, cheapness, conductivity, or bearing properties are demanded. 
By Charles Vickers. Partly based on the third edition of “ Metallic 
Alloys” by William T. Brannt. 767 pages, illustrations, 8vo. New York, 
Henry Carey Baird and Company, Inc., 1923. Price $7.50. 

For many years in the non-ferrous foundry industry, the work of the late 
William T. Brannt, “ Metallic Alloys,” has been used as a reference book. It 
has now been some years since a new edition of Brannt has been published. 
Vickers recognized the desirability of a thorough revision of Brannt’s work 
and proceeded with that end in view. So numerous were the additions and so 
completely did the older work require revision, that instead of revising Brannt’s 
work, he has in reality given to the foundry a new work. Mr. Vickers writes 
from the standpoint of a practical foundryman, being a specialist in melting, 
alloying and casting metals. He has for a number of years been a technical 
editor on trade papers connected with the non-ferrous foundry industry. 

The first chapter is devoted to a discussion of the elements; the second 
to a history, production, methods, properties and uses of the elements; the 
third chapter to alloys, historical, fundamentals, definitions, groups; chapter 4, 
characteristics of alloys; chapter 5, the art of alloying: melting and combina- 
tions. In the following chapters up to chapter 28, he deals with alloys of the 
common metals. Chapter 28, surface coloring of alloys; chapter 29, foundry 
utilization of scrap metals; chapter 30, analysis of babbitt metals; chapter 31, 
foundry data. 

The work is considered one of reliability and of good practical value to 
the foundryman and the manufacturer of alloys. 


G. H. CLaAMEr. 
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STATISTICAL BrBLioGRAPHY IN RELATION To THE GRowTH OF MopeRN Civiii7- 
tion. By E. Wyndham Hulme, B.A., Sandars Reader in Bibliography, 
Sometime Librarian of the Patent Office. Printed for the author by 
Butler and Tanner. Grafton and Company, London. Small 4to, 44 
pages, tables and charts. 

This book contains the substance of two lectures delivered at the University 
of Cambridge in 1921. It represents an unusual line of investigation. It is 
an effort to determine what may be called the “moment” of civilization at 
a given date by an analysis of the bibliography thereof. The inquiry is limited 
to England, undoubtedly due to the vastness of the subject and to the especial 
opportunities which the author had through his professional positions. Yet 
it would seem that the attempt to write the history of civilization by examining 
British records would be somewhat like attempting to build up a department 
of natural history by examining the rocks, fauna or flora of limited area. 
is not said in derogation of the book, for the ideas upon which it is based are 
original and the data given are evidently derived by careful and difficult searc! 
ing. The author, indeed, is conscious of the partial character of the work, 
and makes special mention of the data that German libraries are said to co 
tain, such as a large collection of works on pyrotechnics, the term being used 
in a wide sense, and not in our ordinary limit of “fireworks.” Ther: 
however, another point to be regarded. How far has the destruction 
manuscript affected the record of human literary and scientific activity? Th 
mistake of taking existing material as indexes of the character of a given ag 
has been frequently made in geology and anthropology. Darwin's chapter 
on the imperfection of the geological record has a value beyond the purpos: 
which it was written. It is a trite remark that we cannot know the extent 
of our ignorance, but it is a principle that is often overlooked. Mr. Hulm 
is an evolutionist. He evidently regards that doctrine as no longer in dispute. 
He does not expect any radical change in the human race. “ Man,” he says 
“represents a type of organism in its approximately final stage.” Neithe: 
his mental nor physical structure “has he visibly advanced or receded from th 
standard to which he is found to conform in the paleolithic age.” Thi: 
somewhat discouraging, and many biologists and sociologists may take i 
with the assertion. Our knowledge of prehistoric man is very scanty. In some 
periods he evidently had considerable artistic ability, both in painting a 
sculpture, but this work was almost entirely reproductions of objects 
which he was familiar. Of the dramatic, inventive side of art there is |i 
if any record. Yet as regards the historic human being, at least, not furt 
back than a few milleniums, it may be said that while the race has gai! 
enormously in knowledge, it has not gained much in wisdom. The 
principles of human action were as familar to the ancient Egyptians, Baby- 
lonians, Jews and Greeks as to us. Our notions of the life and work of these 
peoples are unquestionably seriously restricted by the lack of a large am 
of literature that has been destroyed. 

Necessarily, the extent of the book enables the author to give only a limited 
survey of his subject. A list is given of the manuscripts preserved in the British 
Isles dating not later than 1500. It appears that medical treatises constitute 
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half of the items of this list, while the art of war, architecture and decorative 
arts are represented by very few titles. Taken as an index of human activities 
during that period, it seems to show that by far the most energy was given 
to healing. Undoubtedly, disease is always with us, and always such as to 
urge us to secure relief, but the period covered by the list was a period of war, 
building of castles and churches, and development of many forms of decoration. 

As an index of the character and extent of British progress in the applied 
arts and sciences, a list of British patents from 1561 to 1921 is given in a 
graph, with comparative population curves. There seems to be a typographic 
error on page 19, since the chart is there stated to give the patents from 
1550 to 1821. In the copy in hand there has also been, apparently, a mis- 
binding of charts, as No. 3 immediately follows No. 1. 

A graph is also given of population-increase and issue of patents in the 
United States from 1850 to 1921. The lines follow pretty closely. There is 
a distinct peak from 1914 to 1918, which may be in part due to the stimulation 
in invention in war appliances on account of the extensive introduction of new 
methods of offence. 

A curious fact is mentioned in connection with the beginning of the liter- 
ature of Technology. “The order of the appearance of this literature is not 
the order of utility, for the literature of Technology begins with Song, or as 
we should call it to-day—Didactic Poetry.” The reference is to a poem, 
“Dyer’s Fleece,” which describes a spinning invention of Lewis Paul a year 
before it was patented. The author’s outlook on the present-day industria’ 
civilization is that “the Age of Power is approaching its natural limits.” 
“ Thus, the industrial future of civilization must be in the direction of a gradual 
transformation of its mineral basis to one founded upon the utilization of 
natural sources of energy and the building up of products from elements of 
which there is practically an inexhaustible supply.” 

The book contains a large amount of original and interesting matter, well 
worth the attention of the sociologist and historian. The author deserves 
much credit for the labor he has bestowed on the text, tables and charts, by the 
preparation of which he has opened a new and useful field of discussion. 
Necessarily, some of the statements will arouse dissent, and the data pre- 
sented constitute but a small proportion of what will be needed for 
definite conclusions. 

Henry LEFFMANN. 


Reprint AND CrrcuLar Series oF THE NaTtionat Researcn Councit. Fine 
and Research Chemicals, second revision. Issued by the Committee on 
Research Chemicals, Clarence J. West, Secretary of the Committee. 45 
pages, 8vo, pamphlet. Washington, District of Columbia, Council, 1923 
This list of several thousand rarer chemicals, now made in the United 

States, is an encouraging indication of the degree to which this country is 

becoming independent of other nations, especially Germany. A list of firms 

engaged to a greater or less degree in such manufacture is given, and such 
firms as sell directly in comparatively small lots are noted, which will be of 
much use to the ordinary worker. It is reported that biological stains and 
indicators, which have for a long while been regarded as special German 
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products, are now made in the United States of fully satisfactory quality 
Several of the national societies, of which the members are specially interested 
in these stains, have joined in forming a committee which will begin very 4 
shortly issuing certificates for each stain, which will be marketed with a labe! 4 
stating the accuracy of the sample. 


Henry LerrMann 
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Tue Beverace Bive-pooK FOR 1923. 334 pages, 8vo. H. S. Rich a 
Company, Chicago, 1923. i 
This is the annual standard directory, buyers’ guide and reference volum 

for the beverage industry of the United States, covering the class commonly 

termed “soft drinks.” This has been for many years a very active busi: 
in this country, and since the establishment of prohibition legislation it has 


a 


_greatly increased. Material improvement has taken place on all the details 


of the manufacture, especially by the introduction of liquefied carbon dioxide 
The book contains not only a list of the manufacturers and bottlers of these 
beverages, of which there is a great variety of types, but some text of special 
interest to those engaged in the business. Many illustrated and display adver- 


. tisements show how mechanical ingenuity has been encouraged in connection 


with the bottling and marketing of the beverages. 
Henry LerrmMann. 


Woop Distittation. By L. F. Hawley, in charge of section of Derived Pro- 
ducts, Forest Products Laboratory. 136 pages, 28 illustrations, 8vo 
Chemical Catalog Company, New York, 1923. Price $3 net. 

This is one of the American Chemical Society’s Monographs, and in general 
form and character follows the preceding volumes. It appears from the pre- 
face that books in English on wood distillation are few in number and in some 
cases not of high value. Two works in foreign languages are mentioned as 
excellent. One is German; the other Swedish. It is much to be regretted 
that the secondary languages of western Europe are so often used for 
medium of valuable scientific data. Of the Scandanavian tongues, Swedis! 
probably the most difficult. Books written by foreign authorities are a! 
more or less misleading to American workers, and, therefore, the present work, 
which is the result of large experience and much research in our own operations, 
will be welcome to American chemists. In colonial days, forests were exten- 
sive and trees large. Great waste occurred by the manufacture of charcoa! jor 
the iron furnaces, and extensive areas were denuded. In other reg 
especially in the Blue Mountains, much deforestation occurred by the cutting 
of hemlock spruce for the bark, which was used for tanning. In the 
manufacture of charcoal, the by-products were not collected, but a distillation 
industry has developed on account of the demand for certain ingredients 0: ' 
condensible vapors. Among these are acetic acid, methyl alcohol and acetone 
Special woods, such as beech, give a tar containing kreasote. Methy! alcoho! 
was long used as a substitute for ethyl alcohol in many industrial processes, 
and was, unfortunately, also used in medicinal preparations and beverages 
being much cheaper, when the tax was paid on the latter. It is probable that 
methyl alcohol could not compete with pure, untaxed ethyl alcohol. 
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Much improvement has taken place in the wood distillation machinery of 
late years. The demand for crude methyl alcohol as a denaturing material, 
and the wide market for calcium acetate and charcoal have given impetus to 
the industry. 

The work is in two parts. Destructive distillation of hard woods occu- 
pies eighty-two pages, the remainder being devoted to the distillation of res- 
inous woods. A recent and promising development of the procedures is the 
distillation of sawdust and chips. These materials have several advantages 
over larger masses. They can be more rapidly and thoroughly dried, are 
cheaper and can be applied in a continuous process. They are, however, not 
without some disadvantages which special mechanical methods are necessary to 
overcome. Wood is a poor conductor of heat, and sawdust is, of course, still 
poorer. A stirrer or a rotating retort is needed, and the finely divided 
charcoal is difficult to cool when in large amount, indeed, may be the cause 
of serious explosions. One company has, however, avoided these disadvantages 
to a certain extent, by bricketting the sawdust. If heavy pressure is used, a 
solid mass can be formed without any binding material. Other methods have 
been devised, which are described in detail. The tar of hard wood distillation 
has had, as yet, but limited application, although its use is increasing. A 
special ingredient of beech tar, kreasote, is now prepared in the United States. 


Tables of analyses of many woods are given. The data show the progress 
that has been made in the detection and determination of the more or less 
complicated proximate principles occurring in vegetable structures. It appears, 
however, from occasional statements in the text that many data both as to the 
composition of the raw materials and of the products, as well as details of 
procedures, remain to be ascertained. In connection with the production of 
charcoal, attention may be called to the interesting data obtained during the 
war concerning the conditions under which it acts as an adsorber of gases. 
This phase of the subject is not within the scope of the work, and is, therefore, 
not discussed. Information is given as to the refining of the more important 
volatile products of the distillation. 


The second part of the book is devoted to the methods and results of dis- 
tillation of resinous woods. Two distinct systems are here applied: Destruct- 
ive distillation and with steam. The methods and apparatus employed in the 
first form are somewhat various in type. On account of the resinous 
ingredients, the tar produced floats on the watery portion which contains the 
pyroligneous acid. The latter is usually a waste product, the valuable ingredi- 
ents being in the tar, from which volatile oils of the turpentine class are 
derived. Steam distillation has the advantage that much smaller pieces of 
wood may be used. Turpentine and rosin are the most valuable products of 
this procedure. The yields are of better quality than those of the destructive 
distillation. One product, steam distilled pine oil, comparatively new to the 
market, was at first not well received, but is now finding many applications. 

The book is filled with important and interesting information, and not 
the least value of it are the indications that it offers for research in the line 
of industrial applications of wood products. 

Henry LEFFMANN. 
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Tuéorte pes Nompres. Par M. Kraitchik, Ingénieur a la Société Financiére 
des Transports et d’Entreprises industrielle, Directeur a l'Institut des Hautes 
Etudes de Belgique avec une préface de M. d’Ocagne. ix + 229 pages, 
6%" X 9%". Paris, Gauthier-Villars et Cie. 1922. Price, in paper, 
25 Francs. 

The present work is an account of the elements of the theory of nuimbers 
and constitutes an introduction to the further development of the theory. |: is 
the intention of the author in succeeding volumes to prosecute derived theories, 
but as far as the subject is covered, even this first volume will render valuable 
service to all who are interested in the various investigations of numbers 

Mr. Kraitchik’s contribution to the subject is to have conceived the most 
reliable, the easiest and quickest methods possible of “sieving” or elimination 
processes upon groups of numbers of such magnitude as to discourage the 
application of all usual tentative methods. Whereas the usual “sieving” pro 
cesses could scarcely be practically applied to more than thirty or forty possible 
values, that of Mr. Kraitchik permits, with no greater expenditure of labor 
or time, the application of the operation to groups comprising several millions 
and even several tens of millions of numbers, without which, thanks to an 
effective graphic plan, it would be necessary to write out those numbers. \: 
Kraitchik has gone even further; he has outlined the elements of a mechanism 
by the aid of which the process of “ sieving” may be effected by the use of a 
special calculating machine. 


Les AppLicaTions ELEMENTAIRES DES FoncTions HyYPERBOLIQUES A LA SCIENCE 
DE 1." INGENreEUR Evectricien. Par A. E. Kennelly, Professeur d’flect: 
appliquée, Université de Harvard, Directeur des Recherches électriques 


appliquées, Massachusetts Institute of Technology, Professeur américain 
d’Echange auprés des Universités francgaises 1921-22.  viii-153 pages, 

6% x 9% inches, paper. Paris, Gauthier-Villars et Cie., 1922. P: 

15 Frances. 

There is undoubtedly greater inclination in Continental Europe to translate 
into the language of the country important technical works than exist 
English-speaking countries, and the lack of English translations of certain 
important foreign technical works has been often a matter of comment. 

At the first glance upon the title and authorship of this work with the 
make-up of the familiar cover-page of its noted publishers, the first impression 


is that with their usual appreciation of technical merit, they have issued a 
translation of the distinguished author’s account of his highly original math 
matical devices which eliminate so much of the labor entailed in alternating 


current transmission lines. Upon a closer view, it is not a mere translation, 
but a distinct work in French by Doctor Kennelly himself. 

During the scholastic year 1921-1922, Doctor Kennelly was among the 
leading scientists chosen to represent seven eastern universities in the exchange 
professorship movement. In issuing his lectures in the language of tlie 
country in which they were delivered, the author has adopted a graceful meas 
of acknowledging the appreciation and cordial reception of his French au:litors 
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La ComPosiITION DE MATHEMATIQUES DANS L’EXAMEN pD’ADMISSION A 
LEcoLE POLYTECHNIQUE DE IQOI A 1921. Par F. Michel, Ancien éléve 
de I’'Ecole Polytechnique, Licencié és Sciences Mathématiques, Ingénieur 
Chef des Services électriques du Chemin de fer du Nord, et M. Potron, 
Ancien éléve de I’Ecole Polytechnique, Docteur és Sciences Mathématiques. 
xii-452 pages, 644" x 9%". Paris, Gauthier-Villars et Cie., 1922. Price, 
in paper, 40 Francs. 

In publishing this new collection of problems in mathematics given in the 
competition, examinations for entrance to the Ecole Polytechnique for 1901 to 
1920, the authors warn the user not to expect from their study a panacea for 
passing a successful examination. Nevertheless, there is profit as well as 
comfort for a prospective candidate to be derived from a set of such papers, 
covering a term of years, with solutions to the problems. 

The object of this examination is not alone to test the students’ knowledge 
of fundamental processes, but also his ability to apply them, a point of great 
importance in determining mathematical aptitude. The mode of attack is indeed 
only second in importance to thorough grounding in mathematical processes 
and dexterity in algebraic transformation. With that object, the questions, 
more often than not, are presented without regard to classification of the 
processes which are to be employed in their solution. Further, another question 
is often derived from a preceding one, and book-rote is replaced by a test of 
professional capacity. 

The work is in two separate parts. The first part consists of the ex- 
amination questions with their solution and explanation. In the second part, 
in the order in which the various topics of the course have been presented, 
specific problems occurring in the first part are discussed. The scope of the 
subject matter is substantially similar to that offered in the science courses in 
American universities. These entrance requirements cover what in this country 
is required for post-graduate study in this subject. When it is considered that 
the two years’ course at the Ecole Polytechnique is prerequisite to entrance, 
to such special professional schools as the Ecole Nationale Supérieur des 
Mines or the Ecole des Ponts et Chaussées, it is evident that a high order of 
scholarship is expected in professional study “over there.” 


NationaL Apvisory CoMMITTEE FoR AERONAUTICS. Report No. 158, Mathe- 
matical Equations for Heat Conduction in the Fins of Air-cooled Engines. 

By D. R. Harper, 3rd, and W. B. Brown. 32 pages, illustrations, quarto. 

Washington, Government Printing Office, 1923. 

This report deals with the problem of reducing actual geometrical area of 
fin-cooling surface, which is, of course, not uniform in temperature, to equiva- 
lent “cooling” area at one definite temperature, namely, that prevailing on the 
cylinder wall at the point of attachment of the fin. This makes it possible to 
treat all the cooling surface as if it were part of the cylinder wall and 100 
per cent. effective. 

The quantities involved in the equations are the geometrical dimensions of 
the fin, thermal conductivity of the material composing it, and the coefficient 
of surface heat dissipation between the fin and the air stream. Several 
assumptions of a physical nature are thus necessarily involved in making the 
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problem possible of solution. These are set forth in detail, and the limitations 
which result from them in applying the. equations to numerical calculation are 
carefully pointed out. 

An expression for approximate fin effectiveness is developed, based upon 
simple mathematics and very convenient in form for engineering use. T)h: 
essence of the paper is an examination into the magnitude of the erro: 
involved in using this expression without correction and a determination of the 
corrections needed for accurate work. The mathematical expressions inyo!) 
are quite complicated, including Fourier’s series, super-Fourier’s series, Besse! 
functions of. zero order of two kinds with imaginary arguments, etc. Th. 
results of the work are collected in graphical form in a series of charts 
that the design engineer can use the simple formula first developed 
apply to it corrections readily read from the charts, thus avoiding entirely a! 
higher mathematics. 

Report No. 159, Jet Propulsion for Airplanes. By Edgar Buckingham 
pages, illustrations, quarto. Washington, Government Printing Office, 

This report is a description of a method of propelling airplanes }) 
reaction of jet propulsion. 

Air is compressed and mixed with fuel in a combustion chamber, wher 
the mixture burns at constant pressure. The combustion products issue thr: 

a nozzle, and the reaction of the jet constitutes the thrust. 

Data are available for an approximate comparison of the performanc: 
such a device with that of the motor-driven air screw. The computation: 
outlined and the results given by tables and curves. 

The relative fuel consumption and weight of machinery for th 
decrease as the flying speed increases; but at 250 miles per hour the jet » 
still take about four times as much fuel per thrust horsepower-hour a: 
air screw, and the power plant would be heavier and much more compli: 

Propulsion by the reaction of a simple jet cannot compete, in any resp: 
with air screw propulsion at such flying speeds as are now in prospect. 

Report No. 162, Complete Study of the Longitudinal Oscillation 
VE-7 Airplane. By F. H. Norton and W. G. Brown. Five pages, illustratio: 
quarto. Washington, Government Printing Office, 1923. 

This investigation was carried out by the National Advisory Committ 
for Aeronautics at Langley Field in order to study as closely as possib| 
behavior of an airplane when it was making a longitudinal oscillation. T! 
speed, the altitude, the angle with the horizontal and the angle of attack 
all recorded simultaneously and the resulting curves plotted to the same tin 
scale. The results show that all curves are very close to damped sine curves 
with the curves for height and angle of attack in phase, that for angle with 
the horizon leading them by 18 per cent. and that for the path angle lead 
them by 25 per cent. 

Report No. 164, The Inertia Coefficients of an Airship in a Frictionless 
Fluid. By H. Bateman. 16 pages, illustrations, quarto. Washington, Gover! 
ment Printing Office, 1923. 

Report No. 164 deals with the investigation of the apparent inertia of 
airship hull. The exact solution of the aerodynamical problem has been stu 
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for hulls of various shapes and special attention has been given to the case of 
ellipsoidal hull. In order that the results for this last case may be readily 
adapted to other cases, they are expressed in terms of the area and perimeter 
of the largest cross-section perpendicular to the direction of motion by means 
of a formula involving a coefficient K which varies only slowly when the shape 
of the hull is changed, being 0.637 for a circular or elliptic disc, 0.5 for a 
sphere, and about 0.25 for a spheroid of fineness ratio 7. For rough purposes 
it is sufficient to employ the coefficients, originally found for ellipsoids, for 
hulls otherwise shaped. When more exact values of the inertia are needed, 
estimates may be based on a study of the way in which K varies with different 
characteristics and for such a study the new coefficient possesses some advantages 
over one which is defined with reference to the volume of fluid displaced. 

The case of rotation of an airship hull has been investigated also and a 
coefficient has been defined with the same advantages as the corresponding 
coefficient for rectilinear motion. 

Report No. 167, The Measurement of the Damping in Roll on a JN4h in 
Flight. By F. H. Norton. 6 pages, illustrations, quarto. Washington, Govern- 
ment Printing Office, 1923. 

This investigation was carried out by the Committee for the purpose of 
measuring the value of L,, in flight. The method consisted in flying with heavy 
weights on each wing tip, suddenly releasing one of them, and allowing the 
airplane to roll up to 90° with controls held in neutral while a record was 
being taken of the air speed, and angular velocity about the X-axis. The 
results are of interest as they show that the damping found in the wind-tunnel 
by the method of small oscillations is in general 40 per cent. higher than the 
damping in flight. At 50 m.p.h. the flight curve of L, has a high peak, which 
is not indicated in the model results. It is also shown that at this speed the 
lateral manceuverability is low. 


U. S. Coast AND Geopetic Survey. Terrestrial Magnetism. Horizontal Inten- 
sity Variometers. By George Hartnell (Special Publication No. 89). 
Sixty-two pages, illustrations, plate, 8vo. Washington, Government Print- 
ing Office, 1922. Price, 10 cents. 

A variometer is an instrument containing a suspended or supported magnet 
which is free to move under the action of a varying magnetic field. The magnet 
is placed at right angles to that particular component of the field which is 
being investigated. Magnetic observatories are equipped with a set of three 
variometers collectively called a magnetograph. The D variometer indicates 
changes in declination. The Z variometer indicates changes in the vertical 
intensity. The theory of the Z variometer was discussed in the Journal of 
Terrestrial Magnetism and Atmospheric Electricity, June, 1919. 

This publication treats of the characteristics of the third variometer of the 
magnetograph, namely, the horizontal intensity variometer. The paper is 
divided into two parts. Part I deals with the theory of the horizontal intensity 
variometer proper, and discusses in considerable detail the characteristics of the 
bifilar and unifilar variometers, and also characteristics common to both. 

Part II is a study of the two types of suspension. As an indication of the 
nature of the discussion, one characteristic is selected for special mention. 
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The magnet suspended by a quartz fibre under torsion is unequally deflected and 
the field is increased and decreased by equal amounts, consequently the hori- 
zontal intensity variometer in which the magnet is held perpendicular to 
field by the torsion in the fibre is less sensitive when the field increases than 
when it decreases, that is, the scale value is greater for ordinates indicating a 
larger field intensity. The inequality is so large in unifilar quartz suspensic: 
as to necessitate a correction to the variometer. Its magnitude is determined 
by the coefficients in a series of developments of the scale value in powers 
of.the ordinates. It is shown how this inequality in scale value can bx 
eliminated and a constant uniform scale value secured by means of a fibre 
of suitable size and a control magnet to reduce the scale value to the 
desired amount. 

The publication treats the subject of horizontal intensity variometers in a 
comprehensive manner and will prove of value to those operating or designing 
these instruments. 


PUBLICATIONS RECEIVED. 


Statistical Bibliography in Relation to the Growth of Modern Civilizati 
Two lectures delivered in the University of Cambridge in May, 10922, 
E. Wyndham Hulme, B.A., Sandars Reader in Bibliography, Sometim« 
Librarian of the Patent Office. 44 pages, tables, charts, quarto. Londo: 
printed for the author by Butler and Tanner, 1923. 

Wood Distillation, by L. F. Hawley. American Chemical Society Mo: 
graph Series. 141 pages, illustrations, 8vo. New York, The Chen 
Catalog Company, Inc., 1923. Price $3. 

Mirrors, Prisms and Lenses. A textbook of geometrical optics by Jame: 
P. C. Southall. Enlarged and revised edition. 657 pages, illustrations, 12m 
New York, The Macmillan Company, 1923. 

The Beverage Blue Book, 1923. The Standard Directory, Buyers’ Guid 
and Reference Volume for the Beverage Industry. 324 pages, illustrations 
8vo. Chicago, H. S. Rich and Company, 1923. 

National Advisory Committee for Aeronautics: Technical Notes N 
149, Influences in the Selection of a Cycle for Small High-speed Engines Run- 
ning on Solid or Airless Injection with Compression Ignition, by Rob 
Matthews. 11 pages, illustrations, quarto. Washington, District of Colum! 
Committee, July, 1923. 


Animal-eating Plants. Heser W. YouNGKEN, of the Philade! 
phia College of Pharmacy and Science (Amer. Jour Pharm., 1923, 
XCV, 329-350), states that approximately 500 species of green plants 
are carnivorous or animal-eating. Their leaves have become modified 
to allure, capture, imprison, digest and absorb their prey. The chie 
carnivorous plants are the sun-dews, fly-traps, pitcher-plants, blad: ler- 
worts, and butterworts. jo. Hi 


CURRENT TOPICS. 


The Reaction Consequent upon the Evaporation of a Liquid 
and upon the Emission of Vapors from Small Orifices. W. G. 
Durrietp. (Phil. Mag., April, 1923.)—The original problem which 
the author set out to solve was “ whether in the process of evapora- 
tion or boiling into the open air, there were any measurable mechani- 
cal reaction upon the surface from which the molecules were issuing.” 
Ether in a covered crystallizing dish was put on the pan of a balance 
and equipoised. Upon the removal of the cover the liquid began to 
evaporate but no downward recoil of the liquid due to the projection 
of molecules upward manifested itself. From the rate of evaporation 
and the normal velocity of molecules of ether vapor at the tempera- 
ture of the experiment this recoil should have amounted to .054 
gram weight, but it did not exist. Later, on a balance pan 3.20 gms. 
water were boiled away in 20 secs. Theory would indicate that 
the consequent downward thrust should amount to 11.4 grs., a weight 
equal to several times that of the water. The pan with the water 
should not have risen, but as a matter of fact it did, owing to the 
disappearance of the water. Manifestly there is something wrong 
with the theory, for the force of recoil could have been detected had 
it been even one-hundredth as great as it was computed to be. “Is 
it absent because the general view is wrong that the molecules issue 
with the velocity we have assigned to them; do they instead of being 
projected like bullets just drop off? Do they suffer so much in 
velocity in penetrating the surface layer?”’ An experiment was made 
which showed that the recoil exists and manifests itself when evapo- 
ration takes place, not into air or other gas or vapor, but into a 
vacuum. This goes to prove that the molecules start away from the 
liquid with high velocities and that in some manner it is the presence 
of the gas or vapor above which causes the looked-for reaction to 
fail to appear. ‘‘ There is some compensating interaction between 
the projected molecules and the molecules of air or previously 
evaporated material in the space above the liquid, which prevents the 
loss of momentum of the projected material from becoming evident 
as a pressure upon the surface.” To clarify the problem the author 
proposes an analogy. Let there be a gun platform carrying a thousand 
cannon each shooting a ball in the same horizontal direction once a 
second. The reaction on the platform would be the same, no matter 
whether the balls went into a near-by sand bank or passed out of 
sight. This represents the case without complications. Any evapo- 
rating liquid not in vacuo has beating on its surface a procession of 
molecules from the space above it. “It is as though our gun 
platform were being bombarded by enemy fire, which we can picture 
as occasioning a pressure which might be measured by the com- 
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pression of a spring. Upon our opening fire, there is an additional 
reaction if our cannon balls do not strike those of the enemy (i.c., 
if the cannon ball density is low), but if they do collide in such a 
way that each ball stops or diverts an enemy ball, the reading of the 
sprig will remain unaffected by the discharge of our guns, since 
each discharge both contributes a certain amount of kick to the 
platform and robs it of the impact of an enemy shell. But it is not 
infinitely probable that each enemy shell will meet one of ours in 
such a way as to be prevented from delivering its momentum to the 
platform, so that the neutralization is not likely to be complete unless 
the discharge rate is very great,” that is, unless the enemy fire is 
heavier than ours, so that each of our shots shall meet a hostile ball. 
If we want to notice the recoil, our fire must exceed that of the 
enemy so that many of our balls shall get away without having 
struck an oncoming projectile. And this is later shown to be true 
in the case of jets of steam. 

Let him who thinks himself well informed in matters of evapora- 


tion and boiling read this paper that he may recognize his ignorance. 
2. 5 


The True Oil-bearing Milkweeds.—Note was made in a recent 
issue of this JouRNAL of the extraction of oil from the seeds of 
several species of Asclepias, commonly known as milkweeds. The 
note was based on an article in the Bull. d. Mat. Gras. of Marseilles. 
It appears that the editor of that publication was misled by the term 
milkweed, and that the plant from which the oil is obtained is the 
Mexican poppy, Argemone mexicana. This is a member of the 
Papaveracee, the family to which the opium plant and the now 
famous Flanders poppy belong. Many of the plants of this group 
have a milky juice, so that they may be called milkweeds in some 
localities. In some species, however, the juice is highly colored, as 
in the common celandine. The account given by the French journal 
was probably taken from Spanish sources. An abstract in English 
is given in the initial number of the new series of the /nternational 
Review of Science and Practice of Agriculture, p. 216. The con- 
stants of the oil are given in detail. H. L. 


First Annual Report of the International Committee on 
Chemical Elements.—For a number of years an international com- 
mittee on atomic weights was engaged in compiling data concerning 
revisions of atomic weight determinations, publishing annually a table 
of approved figures. This committee was appointed by the [nter- 
national Association of Chemical Societies, which was broken up by 
the war, and the operations of its committees temporarily suspended. 
After the war closed, the representatives of several of the nations 
that had been allied against the Central Powers formed the Inter 
national Union of Pure and Applied Chemistry, which created a com- 
mittee designated as the International Committee on Chemical Ele- 
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ments. The change of title and scope is rendered necessary by the 
great progress in the field of isotopy, first recognized in connection 
with the radioactive elements, but now extended to many other 
groups. The duty of the committee will be to keep chemists informed 
of the progress of discovery in this promising field. It consists at 
present of eight members representing United States, Great Britain, 
France and Czecho-Slovakia. Germany and Austria have not yet 
been taken into the fold. In addition to constituent members the 
committee has special experts and two honorary presidents. 

Under these auspices a first report has been issued containing 
tables of isotopes and radioactive elements. The committee considers 
that its work in this field is only provisional. Recognizing that the 
definitions and nomenclatures adopted are not homogeneous, the 
committee regards some changes as necessary, but, pending general 
approval, has made only a few modifications and has deemed it proper 
to submit these to the judgment of the discoverers. The names 
“radon,” “actinon,” and “thoron” were, therefore, submitted to 
Rutherford and Curie, and as these names are given in the tables, it 
is presumed that they have been approved. 

The following definitions are taken from the report: 

A chemical element is defined by its atomic number. This num- 
ber represents the excess of positive over negative charges in the 
constitution of the atomic nucleus. Theoretically, the atomic number 
also represents the number of electrons which rotate around the 
central positive nucleus of the atom. Each atomic number represents 
the place occupied by the element in the Mendeleef table. If the 
above definition is accepted, elements may be simple or complex, 
according as their atoms are all of the same mass or not. Complex 
elements consist of as many isotopes as its atoms have different 
masses, therefore, consist of a mixture of isotopes. All elements con- 
sidered as units are represented by their standard symbol, but to 
represent isotopes, the symbol is modified by an exponent indicating 
the mass of the given isotopes. In the English text, this exponent is 
written as a superior, for example, Cl** refers to the chlorine isotope 
having the atomic mass of 35. In the French text (the report is 
bilingual) the isotope is represented by Cl,,.. This is probably due 
to the fact that French chemists use the old form of exponent, written 
as a superior and, therefore, just reverse the methods followed by 
all other nations, but this practice is slowly disappearing and it is 
to be hoped that uniformity may be soon attained. In establishing 
the mass of the isotope, oxygen is, as usual, taken as 16. The isotopes 
of lead which are the ultimate result of disintegration of radioactive 
elements and the radioactive isotopes will alone appear in the inter- 
national table of radioactive elements. The expression “ atomic 
mass” is reserved for isotopes or simple elements considered from the 
isotopic point of view. The expression “atomic weight” retains its 
usual meaning, and is applied to elements without consideration of 
their isotopic constitution. 
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The pamphlet contains a table of over thirty elements, mostly 
the abundant ones, with several data, among which the most interest- 
ing is the statement of the number of isotopes so far elucidated. 
Lithium is the element of lowest atomic weight that is given as having 
isotopes, consisting of two with respective masses of 6 and 7. Boron 
has two, respectively, 10 and 11. Silicon is given two (28 and 29) 
with provisionally a third (30). Selenium is given six and tin seven 
with a possible eighth. Xenon is given seven with possibly two more. 
A large table is appended, giving the three series of radioactive 
elements, viz., uranium-radium series, ending with radium &’ which 
is isotopic lead, the actinium series and the series of thorium, which 
last also ends with lead (Th 2’), but the lead terminating the radium 
series has a different atomic mass (that is, is a different isotope) 
from that ending the thorium series, the former being Pb*°’, the 
latter Pb?°*. 

An inspection of the table will show the extraordinary develop- 
ment that has taken place in the knowledge of the nature and proper- 
ties of the chemical elements. Z.. L. 


The Ionization of Potassium Vapor by Light. R. C. 
Wituramson. (Phys. Rev., Feb., 1923.)—“‘ Experimental results 
relative to the ionization of metallic vapors by light have been very 
meagre, and it is difficult to point to any phenomena which are due, 
without doubt, to ionization by radiation of optical frequencies.” 
In this paper evidence from experiment is presented that potassium 


vapor is actually ionized by ultra-violet light. “This ionization 


begins with wave-lengths of about 3000 A., and increases rapidly and 
continuously in amount as the wave- length of the exciting radiation 


decreases from 3000 to 1850 A., the limits investigated, The num- 
ber of atoms exposed for a second to a given intensity of radiation, 
per electron ejected from an atom, is of the same order of magnitude 
in the solid as in the vapor state, for wave-length regions correspond- 
ing to marked sensitivities in each case. For the intensities used in 
these experiments, this number was about 10°.” G. F. S. 
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